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ABBREVIATIONS AND ACRONYMS 

AET apparent effect threshold 

AKART all known and reasonable technology 

AOC area of contamination 

APH air-phase petroleum hydrocarbons 

ARARs applicable or relevant and appropriate requirements 

AST above-ground storage tank 

BBIC Bellingham Bay Improvement Company 

bgs below ground surface 

BEP bis(2-ethylhexyl)phthalate  

BETX benzene, ethylbenzene, toluene, and xylenes 

BNSF Burlington Northern Santa Fe Railway Company 

BSAF biota-sediment accumulation factors 

CAD confined aquatic disposal 

CAO cleanup action objective 

CAP cleanup action plan 

City City of Bellingham 

CLARC Cleanup Levels and Risk Calculations Volume 3.1 

CMP corrugated metal pipe 

COCs  constituents of concern 

COPC constituent of potential concern 

cPAH carcinogenic polycyclic aromatic hydrocarbons 

Crossarm International Crossarm Manufacturing Company 

CSL cleanup screening level 

CSM conceptual site model 

CUL cleanup level 

CWA Clean Water Act 

DCA disproportionate cost analysis 

DGPS differential global positioning system 

DMMU dredged material management unit 

DNR Washington State Department of Natural Resources 

Douglas Douglas Management Company 
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DQOs data quality objectives  

E & E Ecology and Environment, Inc. 

Ecology Washington State Department of Ecology  

EDD electronic data deliverables  

EF exceedance factor 

EIS environmental impact statement 

ENR enhanced natural recovery 

EPA U.S. Environmental Protection Agency 

EPH extractable petroleum hydrocarbons 

ESA Endangered Species Act 

FML flexible membrane liner 

FPM free product mobility 

FS feasibility study  

GP Georgia Pacific 

GRAs general response actions 

H:V horizontal to vertical 

Haley R.G. Haley International Corporation 

HASP health and safety plan 

HDPE high density polyethylene 

HHWM higher high water mark 

HPA Hydraulic Project Approval 

HRS hazard ranking system 

HVOC halogenated volatile organic compounds 

IC institutional controls 

ICA interim cleanup action 

IDL instrument detection limit 

IHS indicator hazardous substances 

IPA interim placement area 

ISS in situ solidification and stabilization 

KOC soil or sediment organic carbon-water partitioning coefficient 

Kd distribution coefficient (soil or sediment-water partitioning coefficient) 

LAET lowest apparent effect threshold 
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2LAET second lowest apparent effect threshold 

LCS/LCSD laboratory control sample/sample duplicate 

LDRs land disposal restrictions 

LFG landfill gas 

LNAPL light non-aqueous phase liquid 

MDL method detection limit  

MGP manufactured gas plant 

MHHW mean higher high water 

MLLW mean lower low water 

MNR  monitored natural recovery 

MS/MSD matrix spike/matrix spike duplicate 

MTBE methyl tertiary-butyl ether  

MTCA Model Toxics Control Act  

NAD83/98 North American Datum 1983 and 1998 

NAPL non-aqueous phase liquid 

NAVD88 North American Vertical Datum 1988 

NGVD29 National Geodetic Vertical Datum 1929 

NOAA National Oceanic and Atmospheric Administration 

NPDES National Pollutant Discharge Elimination System 

NPL Superfund National Priorities List 

NTU nephelometric turbidity unit 

O&M operation and maintenance 

OC organic carbon normalized 

OHWM ordinary high water mark 

Order Agreed Order No. DE 2186 

PAHs polycyclic aromatic hydrocarbons 

PCBs polychlorinated biphenyls 

PCDDs polychlorinated dibenzo-p-dioxins  

PCDFs  polychlorinated dibenzofurans 

PCL preliminary cleanup level 

PCP pentachlorophenol 

PLP(s) potentially liable person or persons 
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PMA Port Management Agreement 

Port Port of Bellingham 

PQL practical quantitation limit 

PRB permeable reactive barrier 

PSDDA Puget Sound Dredge Disposal Analysis 

PSEP Puget Sound Estuary Program 

PVC polyvinyl chloride 

QA/QC  quality assurance/quality control  

QAPP quality assurance project plan 

RCRA Resource Conservation and Recovery Act 

RI remedial investigation 

RI/FS remedial investigation/feasibility study 

RPD relative percent difference  

SAP sampling and analysis plan 

SCO sediment cleanup objective  

SCUBA self-contained underwater breathing apparatus 

SEPA State Environmental Policy Act 

SHA site hazard assessment 

SL screening level 

SMS Sediment Management Standards 

SOPs standard operating procedures  

State State of Washington 

SVOCs semivolatile organic compounds 

SWAC surface-area weighted average concentration 

TBT tributyl tin 

TEE terrestrial ecological evaluation 

TEF toxic equivalency factor 

TEQ toxicity equivalent 

TOC total organic carbon 

TPH total petroleum hydrocarbon 

TSS total suspended solids 

USACE U.S. Army Corps of Engineers 
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USCG United States Coast Guard  

USFWS United States Fish and Wildlife Service 

USGS United States Geological Survey  

UST underground storage tank 

UTLs upper tolerance limit 

UV ultraviolet 

VOCs volatile organic compounds 

WAC Washington Administrative Code 

WARM  Washington Ranking Method 

WDFW Washington State Department of Fish and Wildlife 

WHO World Health Organization 

UNITS OF MEASURE 

°C degrees Celsius 

°F degrees Fahrenheit 

µg/L microgram per liter 

cm centimeter 

cm/s centimeter per second 

cm/yr centimeter per year 

cy cubic yard 

ft feet 

ft/day feet per day 

ft2 square feet 

ft3 cubic feet 

ft3/day cubic feet per day 

g/kg gram per kilogram 

gpm gallon per minute 

km2 square kilometer 

m/sec meter per second 

m3 cubic meter 

mg/kg milligram per kilogram 

mg/L milligrams per liter 
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mi2 square mile 

mL milliliter 

ng/kg nanogram per kilogram 

pg/L picograms per liter 

ppt parts per trillion 

µg/kg microgram per kilogram 
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9.0 FEASIBILITY STUDY 

The overall objectives of the FS are to develop and evaluate a range of cleanup action alternatives for 
contaminated media at the Site in accordance with MTCA and SMS and to identify the preferred 
alternative.  

This FS report follows MTCA procedures outlined in MTCA (WAC 173-340-350[8]) and SMS 
(WAC 173-204-550[7]). This FS report identifies applicable or relevant and appropriate 
requirements (ARARs) for cleanup; proposes cleanup standards protective of human health and the 
environment; identifies the extent of contaminated media requiring remedial actions; identifies and 
screens potentially applicable remedial technologies; and assembles technologies into remedial 
alternatives to address contaminants at the Site. Expectations for cleanup alternatives and 
requirements for selection of cleanup actions under MTCA are provided in WAC 173-340-370 and 
WAC 173-340-360, respectively and in SMS WAC 173-204-570. The FS presents a comparison of 
the remedial alternatives based on protectiveness, effectiveness, permanence, implementability, 
cost and consideration of public concerns (MTCA evaluation criteria). The MTCA disproportionate 
cost analysis (DCA) process is used to identify a preferred remedy for Ecology’s consideration. 

9.1. Areas Requiring Cleanup 

The nature and estimated extent of contamination was established in the RI. Soil, groundwater and 
sediment at the Haley Site contain petroleum hydrocarbons, individual PAHs including cPAHs, PCP 
and dioxins/furans at concentrations that represent a potential threat to human and ecological 
health.  

In the upland area of the Site, the estimated extent of contamination is defined by the distribution 
of IHSs (TPH, individual PAHs, cPAHs, PCP and dioxins/furans) in soil and groundwater (Figure 8-1). 
As noted in Section 1.2 of the RI report, upland areas potentially associated with the Haley Site but 
not investigated in the RI may be the subject of another RI.  

The sediment area potentially requiring remediation is defined based on exceedances of 
SMS-promulgated chemical and biological criteria for the protection of the benthic invertebrate 
community (Figure 8-1), and bioaccumulation-based criteria derived for the protection of people and 
ecological receptors that may consume seafood, as explained below.  

Sediment with chemical concentrations exceeding benthic toxicity criteria is located relatively close 
to the Haley shoreline, in the intertidal and shallow subtidal zones. The lateral extent of the SMS 
benthic toxicity exceedance area is relatively well-defined, although some additional sediment 
sampling will be necessary to refine the northern and southern limits in the intertidal zone. 
Supplement sediment sampling will be conducted prior to remedial design. The entire extent of the 
benthic toxicity exceedance area will be addressed by remedial action, as described in subsequent 
sections of this FS. 

Bioaccumulative IHSs also exceed sediment screening levels in the nearshore benthic toxicity 
exceedance area; these (bioaccumulative) screening level exceedances, however, extend further 
offshore into deeper waters beyond the benthic toxicity exceedance area. The outer boundary of 
Haley-related bioaccumulative screening level exceedances has not yet been identified. The lateral 
extent of Haley-related bioaccumulative compounds to the north, south and west will be evaluated 
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based on additional sediment data collected prior to remedial design, as well as other factors 
(Section 9.5.3). 

9.1.1. Site Units 

For the purpose of the FS, the Site is divided geographically into the upland unit and marine unit 
shown in Figure 9-1. The marine unit is also referred to in the FS as the sediment unit. The 
environmental setting of each unit is different; however, both units were affected by contaminant 
releases from historical Haley wood treatment operations. Contamination extends from the upland 
into the adjacent sediment unit; the boundary between the two units is established at the ordinary 
high water mark (OHWM) near the top of the shoreline bank. This FS presents separate discussions 
for each unit. Integration of the selected alternatives for each unit, as well as compatibility of those 
remedial alternatives with the adjacent and overlapping Cornwall Landfill and Whatcom Waterway 
cleanups, are discussed in the FS (Sections 9.5, 9.6 and 10.0). Design and implementation of the 
selected remedial alternatives for the Haley Site will also require coordination and construction 
sequencing with actions on the Cornwall Landfill site (Section 10.0). 

9.1.1.1. UPLAND UNIT 
The upland unit is approximately 7.5 acres in size; the footprint of the upland unit covered by the RI 
incorporates the locations where soil and/or groundwater IHSs are present at concentrations greater 
than screening levels (Figure 8-1) and incorporates the upland AOC. The west boundary of the upland 
unit is the OHWM and the north and east boundaries of the upland unit are the Haley property line. 
The southern portion of the upland unit overlaps with the northern portion of the Cornwall Landfill 
upland unit. The Inner Harbor Line extends across the upland unit due to historical tideland filling. 
Natural resources that may be present in the upland unit are described in Section 4.3. 

9.1.1.2. MARINE UNIT  
The marine unit is defined as the area of Bellingham Bay adjacent to the Haley upland unit where 
site-related contaminants exceed screening levels. The marine unit adjoins the upland unit at the 
OHWM and encompasses the entire area of SMS benthic toxicity exceedances based on existing 
data. It will also include intertidal and subtidal lands where Haley-related bioaccumulative 
compounds (dioxins/furans, cPAHs, and PCP) exceed cleanup levels.  

For purposes of evaluating remedial alternatives in this FS, the assumed outer (bayward) boundary 
of the marine unit is approximately at the -10 to -15 foot (NAVD88) contours (Figure 9-1). This outer 
boundary established in the FS is appropriate because it includes the entire area where active 
remedial measures are anticipated. The outer boundary of the Haley marine unit also generally 
coincides with the position of the outer boundary of the proposed active remedy for the adjoining 
Cornwall Landfill site. The full extent of the Haley marine unit will be further evaluated based on 
supplemental sediment sampling collected prior to remedial design, and other factors (Section 
9.5.3). A future bayward expansion of the Haley marine unit, if warranted based on supplemental 
sediment data, would likely be addressed by MNR. 

Any changes to the marine unit outer boundaries based on an evaluation of the concentrations and 
distribution of Haley-related bioaccumulative compounds are not anticipated to affect the selection 
of a preferred alternative in this FS; rather, the areal extent to which a particular component of the 
remedy is applied will be refined through the pre-design and design phases of the cleanup.  
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The marine unit is located on State-owned aquatic lands managed by DNR. A port management unit 
(PMA 3) overlaps the northern portion of the marine unit. The 2013 Haley interim action was 
constructed on aquatic lands authorized by an easement granted to the City by DNR. The easement 
area falls within the marine unit. The Haley marine unit overlaps with portions of the proposed active 
remedy for the Cornwall site as described above; it also overlaps with a portion of the Whatcom 
Waterway site that is designated for MNR.  

Biological communities and natural resources associated with the marine unit are presented in 
Section 4.3. Existing substrate conditions are described in Section 4.1. 

9.2. Basis for Cleanup Action 

Cleanup action objectives (CAOs) form the basis for evaluating and selecting remedial technologies 
and cleanup actions that will be successful at a given site. CAOs consist of location-, chemical- and 
medium-specific goals for protecting human health and the environment. CAOs are dependent on 
the chemicals and pathways that represent a risk to people and natural resources associated with a 
site. Development of CAOs involves several steps, as described below and in the following sections: 

■ Identify laws and regulatory standards (ARARs) that set the framework and requirements for the 
development of cleanup standards and implementation of a cleanup action; 

■ Develop cleanup levels and points of compliance at which an acceptable risk level is attained; and 

■ Identify locations and media requiring cleanup based on selected cleanup standards. 

9.2.1. Potentially Applicable or Relevant and Appropriate Requirements 

Cleanup actions conducted under MTCA and SMS must comply with all state and federal laws 
(WAC 173-340-710) that have jurisdiction over the cleanup (i.e., are applicable) or that Ecology 
determines may apply to the cleanup (i.e., are relevant and appropriate). Collectively these laws, 
implementing regulations, standards, limitations or other requirements are referred to as ARARs.  

The ARARs identified for cleanup of the Haley Site are listed in Table 9-1. The procedures, standards 
and other requirements specified in MTCA and SMS are the primary ARARs governing cleanup 
actions at the Site. Additional ARARs regulate specific components of the cleanup including disposal 
of hazardous waste, management of stormwater during construction, and worker safety during 
implementation.  

Most of the requirements associated with the additional ARARs are specified as part of various 
permit conditions; however, cleanup actions conducted under a Consent Decree are generally 
exempt from the procedural requirements of many state and local permits. Typically, cleanup actions 
are exempt from the procedural requirements of the Washington State Clean Air Act, solid waste 
management, construction projects in state waters (specifically Hydraulic Project Approvals [HPAs]), 
water pollution control, the SMA, and local regulations. However, permits associated with two 
national regulations that are administered by the State ─ the Clean Water Act (CWA) National 
Pollution Discharge Elimination System (NPDES) permits, and those permits required for treatment, 
storage or disposal of hazardous waste under the Resource, Conservation and Recovery Act 
(RCRA) ─ still apply, as do all federally-required permits. Regardless of the permit exemptions, all 
cleanup actions must meet the substantive requirements of the subject regulations. Ecology is 
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responsible for consulting and coordinating with the lead agencies for the exempted permits and 
identifying the substantive requirements. 

9.2.1.1. AREA OF CONTAMINATION POLICY 
Remediation-derived waste (e.g., soil, sediment and debris) containing wood treatment-related 
chemicals from historical operations at the R.G. Haley facility will be classified as F032-listed 
dangerous waste and subject to Land Disposal Restrictions (LDRs) unless managed within the 
boundaries of an Area of Contamination (AOC) in accordance with Ecology’s AOC Policy (Policy) 
(Ecology 1991). Ecology has designated an AOC at the Haley Site for the purpose of on-site 
excavation, movement, stabilization and consolidation of contaminated soil and sediment (Ecology 
2007a, 2013d, 2014a). The AOC boundary (Appendix N) is based on the footprint of continuous 
Haley-related soil and groundwater contamination that exceeds applicable MTCA cleanup levels, and 
sediment contamination that exceeds SMS criteria based on protection of the benthic community. 
Ecology’s AOC Policy states that moving dangerous waste within an AOC is not considered 
“generation” as defined by the Dangerous Waste Regulations (Chapter 173-303 WAC). The Policy 
further states that “containment, treatment and disposal of consolidated wastes within an AOC does 
not automatically trigger the dangerous waste regulations” and that LDRs will not automatically 
become applicable at sites where dangerous wastes are being excavated, consolidated or moved 
within the defined AOC. 

Most of the cleanup alternatives developed for the Haley Site (Section 9.5) include the consolidation 
of remediation-derived waste within the boundaries of the designated upland AOC. The estimated 
costs for these alternatives are based on the expectation that these actions will not trigger LDRs or 
other aspects of the Federal RCRA or State dangerous waste regulations except those determined 
to be relevant and appropriate to the Site and action. 

9.2.1.2.  ANTICIPATED PERMITS 
A number of the ARARs governing cleanup of sediment will be addressed through the Joint Aquatic 
Resource Permit Application (JARPA). The JARPA coordinates information applicable to the US Army 
Corps of Engineers (USACE)-issued CWA Section 10 and Section 404 permits (Nationwide 38 or 
individual 404 permit), Ecology-issued CWA Section 401 Water Quality Certifications, Washington 
Department of Natural Resources Use Authorizations for State-Owned Aquatic Lands, among others. 
The USACE is also responsible for consultation with natural resource trustees regarding potential 
project impacts on species and habitats protected under the Endangered Species Act (ESA) and 
subsequent requirements. An NPDES permit may be required for any on-site water treatment or 
discharge of stormwater from the cleanup site during implementation of the remedy.  

Many of the permits likely to be associated with the upland cleanup action are either exempted from 
the corresponding procedural requirements per MTCA, although substantive requirements must be 
met, or would be coordinated as part of a City land use permit requirements. 

Ecology will be responsible for issuing the final approval for the cleanup action, following consultation 
with other federal, state and local regulators. The USACE will separately be responsible for issuing 
approval of the project under Nationwide Permit 38, following ESA consultation with the federal 
natural resource trustees, and also incorporating Ecology’s 401 Water Quality Certification. 
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9.2.2. Cleanup Action Objectives 

The general objective of the cleanup action is to eliminate, reduce, or otherwise control to the extent 
feasible and practicable, unacceptable risks to human health and the environment posed by 
hazardous substances in impacted media in accordance with the MTCA cleanup regulation 
(Chapter 173-340 WAC), SMS (Chapter 173-204 WAC), and other applicable regulatory 
requirements. The individual CAOs for the cleanup action at the Haley Site are specific to certain 
media and contaminants of concern, exposure routes and receptors. The CAOs permit a range of 
treatment and containment alternatives to be developed in the subsequent sections of the FS. The 
media and exposure pathways of concern for the Haley Site are identified in Section 8.4, and include 
potential human and ecological exposures by direct and indirect contact with soil, sediment, 
groundwater and LNAPL associated with Haley sources.  

Other considerations for cleanup actions at the Haley Site include: 

■ The cleanup action should be compatible with, and not be detrimental to, cleanup actions 
currently planned at nearby sites (i.e., Cornwall Landfill site, Whatcom Waterway site). 

■ The cleanup action should be compatible with the plans to develop the Haley Site, as well as the 
Cornwall Landfill Site, in the future as a public park. Current park plans include vegetated open 
areas, limited structures, and enhancing access and use of shoreline and intertidal beach areas.  

Specific CAOs for the impacted media at the Haley Site are presented below. 

9.2.2.1. UPLAND UNIT CAOS 
The objective of the upland cleanup is to reduce or control to the extent feasible, risks from 
hazardous substances in soil, soil vapor and groundwater associated with the following potential 
exposure routes:  

■ People coming in contact (i.e., dermal contact, including incidental ingestion) with hazardous 
substances in soil; 

■ People being exposed to (i.e., inhaling) hazardous substances in vapor form; 

■ Contact (i.e., dermal contact, including incidental ingestion) by ecological receptors with 
hazardous substances in soil; 

■ Transport of upland contaminated soil to marine sediment or surface water as a result of erosion; 
and 

■ Transfer of contaminants from soil to groundwater and subsequent discharge to sediment or 
surface water. 

As described in Section 5.1.2 of the RI report, groundwater beneath the Haley Site is classified as 
non-potable. Therefore, the CAOs do not include preventing use of groundwater as potable water; 
however, institutional controls will be included in the remedy that prevent withdrawal of groundwater 
from the Site for potable and non-potable uses.  

9.2.2.2. MARINE UNIT CAOS 
The objective of the in-water cleanup is to reduce or control to the extent feasible, risks from 
hazardous substances in sediment associated with the following potential exposure routes: 
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■ People coming in direct contact (i.e., dermal contact, including incidental ingestion) with 
hazardous substances in sediment; 

■ Exposure of aquatic organisms to hazardous substances in sediment within the biologically 
active zone (the upper 12 cm of sediment); 

■ Exposure of higher trophic level receptors (fish, aquatic-dependent birds and mammals) to 
contaminated benthic invertebrate prey via ingestion; and 

■ People ingesting fish and shellfish contaminated with hazardous substances through 
bioaccumulation of Site-related contamination. 

9.2.3. Cleanup Standards 

Selection and use of cleanup standards in the development of remedial alternatives and cleanup 
decisions provide a mechanism to achieve the CAOs. Cleanup standards consist of: (1) chemical 
concentrations in environmental media or biological effect thresholds that are protective of human 
health and the environment, and (2) the locations where the cleanup levels must be met (i.e., point 
of compliance). The screening levels compiled in the RI report (Section 5.1) provide a basis for 
developing preliminary cleanup levels for Site media. Additional sediment risk-based criteria to 
address bioaccumulative effects were considered for cPAHs, dioxins/furans, and PCP 
(see Section 9.2.3.1).  

Proposed points of compliance are identified in this FS and evaluated relative to each cleanup action 
alternative. However, the points of compliance along with other aspects of the cleanup standards 
will be finalized by Ecology in the cleanup action plan (CAP). Media-specific preliminary cleanup levels 
and points of compliance for sediment, groundwater, and soil are presented in the following sections. 

9.2.3.1.  SEDIMENT 
Cleanup levels for sediment are selected from a range of values, from the SMS Sediment Cleanup 
Objective (SCO) below which no adverse effects or unacceptable risks are anticipated, to the Cleanup 
Screening Level (CSL) above which adverse effects or unacceptable risks would be expected. 
Preliminary sediment cleanup levels are based on both protection of benthic organisms from direct 
toxicity through multiple pathways, and protection of people and ecological receptors that may 
consume seafood foraged from the Site (bioaccumulation pathway). 

People coming into direct contact with sediment during beach play, clamming and net-fishing also 
were considered when developing preliminary sediment cleanup levels for the Site. Any nearshore 
remedial action at the Site will require erosion controls (armoring) that will prevent direct contact to 
underlying sediment through beach play, clamming or net-fishing (Section 5.1.1). This same 
armoring will also preclude deeper-burrowing, harvestable clam populations from becoming 
established, eliminating the need to apply bioaccumulation-based cleanup levels for protection of 
human health in the nearshore environment. Bioaccumulation-based cleanup levels will be applied 
in subtidal areas that will not require armoring for protection of the constructed remedy.  

The SMS specifies cleanup levels that are protective of benthic invertebrate communities but does 
not provide numeric cleanup levels for constituents that pose a risk to human and ecological 
receptors as a result of bioaccumulation. Rather, it provides a process whereby cleanup levels can 
be developed that take into account site-specific risks, as well as background concentrations and 
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practical limitations to quantifying contaminants in environmental media. Bioaccumulation-based 
cleanup levels representing both the SCO and CSL were developed according to Ecology guidance 
and input and are documented in Appendix O. 

Preliminary sediment cleanup levels are presented in Table 9-2 along with the basis for each value. 
These preliminary sediment cleanup levels were selected from among the SCOs and CSLs that are 
presented in Tables 9-3 and 9-4, respectively.  

In general, SCOs for a sediment contaminant are set as the highest of the following levels: 

■ The lowest risk-based level protective of benthic invertebrate communities (multiple 
pathways), human health (bioaccumulation), or higher trophic level ecological receptors 
(bioaccumulation);  

■ Natural background; or 

■ Practical quantitation limits (PQL). 

CSLs are set similarly, except that risk-based levels are higher, and regional background is used in 
place of natural background. 

Tables 9-3 and 9-4 include values selected or derived for each of these criteria and the proposed 
SCOs and CSLs for each sediment IHS. SCOs and CSLs are expressed as both dry-weight and organic 
carbon (OC)-normalized concentrations, per the SMS. Generally, OC-normalized concentrations (both 
the cleanup level and the sample data) are used when the sample-specific sediment organic carbon 
content is between 0.5 and 3.5 percent (inclusive). The dry-weight cleanup levels and sample 
concentrations are used when the sediment organic carbon content is less than 0.5 percent or 
greater than 3.5 percent.  

Protection of Benthic Organisms: The SCOs and CSLs for protection of benthic organisms (direct 
contact and ingestion of sediment) in Tables 9-3 and 9-4 are generally consistent with the benthic 
sediment screening levels in Table 5-1. The differences between the benthic sediment screening 
levels and the SCO and CSL values included in Tables 9-3 and 9-4 are due to changes in the AET 
criteria recommended by Ecology for 2-methylnaphthalene, acenaphthene, naphthalene, and 
phenanthrene. The currently recommended AET values are from Ecology’s SCUM II guidance (Ecology 
2015b; Table 8-1). The current SMS criteria are included in Table III of the revised SMS (Chapter 
173-204 WAC). 

Bioaccumulation: SCOs and CSLs were derived for the protection of people and ecological receptors 
that may consume seafood foraged from the Site for the Haley sediment bioaccumulative chemicals 
of concern (cPAHs, PCP, and dioxins/furans), as described in Appendix O.  

For carcinogenic compounds, SCOs and CSLs for protection of human health are based on cancer 
risks of 1 x 10-6 and 1 x 10-5, respectively. Both the SCOs and CSLs are based on a hazard quotient 
of 1 for non-carcinogenic compounds. 
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SCOs and CSLs for bioaccumulative IHSs were also derived for aquatic life (fish and invertebrates), 
individual aquatic-dependent wildlife (i.e., individual fish, birds or mammals), and populations of 
aquatic-dependent wildlife. These SCOs and CSLs are based on a hazard quotient of 1. 

Appendix O includes additional details on the derivation of the bioaccumulation SCOs and CSLs, 
including the biota-sediment accumulation factors (BSAF) used, consumption rates, and the 
methodology for deriving dioxin/furan and cPAH levels using risk-based criteria for individual 
congeners and cPAHs. 

Background: According to the revised SMS, natural background values are considered in the 
development of SCOs, while regional background values are considered in the development of CSLs.  

Ecology calculated the 90th confidence interval of the 90th percentile (90:90 UTL) for natural 
background sediment values in the SCUM II guidance (Ecology 2015b). Ecology used data from the 
OSV Bold Study (DMMP 2009) and data from Ecology-approved reference sites and other Puget 
Sound sites that Ecology determined were “appropriately similar to reference sites in terms of 
anthropogenic impact.” Ecology derived 90:90 UTLs for cPAHs and dioxins/furans of 21 µg/kg and 
4 ng/kg, respectively; these concentrations are included in Table 9-3. 

Regional background values have been recently published for cPAHs and dioxins/furans as part of 
Ecology’s Bellingham Bay regional background study (Ecology 2015a). Regional background values 
are 86 µg/kg and 15 ng/kg, respectively (Table 9-4). 

PQL: PQLs were obtained for individual PAHs, PCP and TPH from Analytical Resources, Inc. of Tukwila, 
Washington. However, PQLs were not available for cPAHs and dioxins/furans because 
concentrations are reported as group sums, rather than individually analyzed constituents. Derived 
PQLs for these two sediment IHSs are explained below and are included in Tables 9-3 and 9-4. 

■ Dioxins/furans: Ecology derived a programmatic PQL-based cleanup level of 5 ng/kg TEQ in Table 
11-1 of the SCUM II guidance (Ecology 2015b).  

■ cPAHs: Ecology derived a programmatic PQL-based cleanup level of 9 ng/kg TEQ in Table 11-1 
of the SCUM II guidance (Ecology 2015b). 

Preliminary Sediment Cleanup Levels: Sediment cleanup levels are initially established at the SCO 
and may be adjusted up to, but not higher than, the CSL. The preliminary sediment cleanup levels 
for the non-carcinogenic PAHs (2-methylnaphthalene, acenaphthene, fluoranthene, naphthalene, 
and phenanthrene) and for benzo(a)anthracene and TPH are presented as the SCO values. The SCO 
values for these seven sediment IHSs are based on protection of benthic organisms. The preliminary 
sediment cleanup levels for the remaining three sediment IHSs (dioxins/furans, cPAHs, and PCP) are 
discussed below. The preliminary sediment cleanup levels are presented in Table 9-2. 

■ Dioxins/furans and cPAHs: The preliminary sediment cleanup levels are set at the regional 
background levels for these IHSs (15 ng/kg and 86 µg/kg, respectively). These regional 
background values represent CSLs for these chemicals, and were selected as preliminary 
cleanup levels because it is not possible to attain and maintain lower sediment cleanup levels 
(e.g., SCOs) due to recontamination by dioxins/furans and cPAHs that are present throughout 
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Bellingham Bay. The selection of regional background as the preliminary sediment cleanup level 
for dioxins/furans and cPAHs is consistent with the consent decree for the Cornwall Landfill site. 

■ PCP: The preliminary sediment cleanup level is set at the PQL of 100 µg/kg. The lowest risk-
based sediment criteria is less than 100 µg/kg. 

Point of Compliance: For marine sediments potentially affected by SMS hazardous substances, the 
point of compliance is the biologically active zone (BAZ), which is considered the upper 12 cm of 
sediment (i.e., surface to 0.39 feet below the mudline [Section 7.3.5.2]). This point of compliance 
addresses protection of benthic organisms on a point-by-point basis, bioaccumulation in the aquatic 
food chain on an area-weighted average basis, and direct contact by net fishers on an area-weighted 
average basis. A point of compliance for dermal contact/incidental ingestion of sediment and 
ingestion of shellfish is not applicable because all remedial alternatives will preclude direct contact 
with contaminated sediment in the intertidal zone, as well as clamming activities. Specifically, an 
armor layer required to maintain the physical integrity of any cap would prevent larger organisms 
(including clams) from burrowing into the cap and would impede people from digging into the cap. 

9.2.3.2. GROUNDWATER 
Groundwater IHSs were selected for the Site based on criteria presented in Section 5.2; seven IHSs 
were used in the RI report to evaluate the nature and extent of groundwater contamination at the 
Site. PCP was not carried forward for development of groundwater cleanup levels in the FS because 
PCP was not detected in 2012 groundwater samples (Section 6.4.4) at concentrations greater than 
the screening level except at one isolated location (CL-MW-6) in the extreme southeastern 
(upgradient) portion of the Site. In addition, PCP was not detected in the two LNAPL samples obtained 
in 2000 (Table 6-2). The PCP detected in the beach oil seep sample may have been due to the 
presence of impacted beach sediment in the sample.  

Dioxins/furans also were not carried forward for development of cleanup levels in the FS. Multiple 
lines of evidence (Section 6.4.5) suggest that detectable concentrations of dioxins/furans in Site 
groundwater are associated with suspended solids in samples, and therefore are an artifact of the 
sampling process. Dioxin/furan groundwater data at the Site are consistent with the characteristics 
and expected behavior of this contaminant group; dioxins/furans are extremely hydrophobic and 
preferentially sorb to soil. As a result, these compounds do not readily partition into groundwater as 
dissolved-phase contaminants, and their mobility in groundwater is extremely limited. Site 
groundwater data also suggest that cosolvent processes are not substantially influencing 
dioxin/furan mobility at the Site (Section 6.4.5). The limited risks associated with this transport 
mechanism will be addressed by remedial actions that reduce the leaching of Site compounds 
potentially capable of mobilizing dioxins/furans (e.g., 2-methylnaphthalene). Preliminary cleanup 
levels are proposed for 2-methylnaphthalene for all media. 

Preliminary groundwater cleanup levels are presented in Table 9-5 along with the basis for each 
value. Preliminary groundwater cleanup levels for the resulting five groundwater IHSs are based on 
protection of marine surface water and sediment. As discussed in Section 5.1.2, Ecology has 
determined that groundwater beneath the Haley Site and other waterfront cleanup sites in 
Bellingham Bay is non-potable; therefore, groundwater ingestion is not a potentially complete 
exposure pathway and was not considered in development of groundwater cleanup levels. The 
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preliminary groundwater cleanup levels for the groundwater IHSs are the same as the groundwater 
screening levels for these same compounds presented in Table 5-2. 

Point of Compliance: The standard point of compliance for groundwater under MTCA is throughout 
the site. MTCA allows use of a conditional point of compliance, however, when it can be 
demonstrated that it is not practicable to meet cleanup levels throughout the site within a reasonable 
restoration time frame (WAC 173-340-720[8][c]). At sites where groundwater cleanup levels are 
based on the protection of surface water beneficial uses, MTCA allows Ecology to approve use of a 
conditional point of compliance located as close as technically possible to the point where 
groundwater flows into surface water (WAC 173-340-720[8][d][i]). Use of this conditional point of 
compliance is subject to several conditions. Those conditions and their applicability to the Haley Site 
are described below. 

■ Contaminated groundwater enters the surface water and will continue to enter the surface water 
even after implementation of the selected cleanup action. This condition is demonstrated in the 
RI by groundwater quality at shoreline monitoring wells and the continuity of contamination from 
the upland into sediment, and based on the cleanup alternatives as described in the FS 
(Section 9.5). 

■ It is not practicable to meet the cleanup level at a point within the groundwater before entering 
the surface water, within a reasonable restoration time frame. This condition is established 
through the technology screening and cleanup alternatives evaluations described in the FS 
(Section 9.6). 

■ A mixing zone is not used to demonstrate compliance with surface water cleanup levels. 
Methods to document remedy compliance with cleanup levels will not utilize the mixing zone 
concepts.  

■ All known available and reasonable methods of treatment shall be used for groundwater before 
discharge to surface water. An evaluation of all known available and reasonable technology 
(AKART) methods of groundwater treatment is presented in the FS and applicable methods are 
incorporated into the cleanup alternatives.  

■ Groundwater discharges do not result in exceedances of sediment quality values in 
Chapter 173-204 WAC. Groundwater cleanup levels are protective of marine sediment 
(Section 5.1.2).  

■ Groundwater and surface water monitoring are performed to evaluate performance of the 
cleanup action including consideration of the potential for discharges at levels below method 
detection limits to affect bioaccumulative effects. Compliance monitoring for remedy 
performance will be conducted following implementation; details will be specified in the CAPs.  

■ Notice of proposed conditional points of compliance is made to natural resource trustees, DNR 
and USACE. Required notice and request for comment will be made by Ecology after the cleanup 
alternative has been selected.  

9.2.3.3. SOIL 
Preliminary soil cleanup levels are based on protection of human health from direct contact and 
incidental soil ingestion, and protection of groundwater. Potential terrestrial ecological exposures to 
soil, and erosion of soil to sediment were considered in the development of soil cleanup levels; 
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however, as discussed in Section 5.1.3, these exposure pathways will be addressed by the upland 
remedy which will include an engineered cap and institutional controls that will prevent terrestrial 
ecological exposures and erosion of upland soil.  

Preliminary soil cleanup levels for vadose zone and saturated soil are presented in Table 9-6 along 
with the basis for each value. The preliminary cleanup levels for the soil IHSs are the same as the 
soil screening levels presented in Table 5-3, except for dioxins/furans. The dioxin/furan soil 
screening level of 11 ng/kg was the MTCA Method B cleanup level for direct contact (unrestricted 
land use). In May 2014 Ecology made a number of updates to the CLARC database/website, 
including the toxicity values used to calculate the Method B soil cleanup level for 2,3,7,8-TCDD. The 
new toxicity values result in a Method B soil cleanup level for dioxins/furans of 13 ng/kg (TEQ). 

Point of Compliance: The standard point of compliance for soil based on the protection of 
groundwater is throughout the Site. For the protection of human health via direct contact, the 
standard point of compliance for soil is from ground surface to 15 feet bgs. MTCA recognizes that 
soil cleanup levels would typically not be met at the standard point of compliance for cleanups 
involving containment and that the cleanup alternatives involving containment still comply with 
cleanup standards under certain conditions (WAC 173-340-740[6][f]). The six conditions ([i] through 
[vi]), specified to demonstrate soil compliance where containment remedies are used are outlined 
below followed by an explanation of applicability for the Haley Site.  

■ The selected remedy is permanent to the maximum extent practicable. This determination will 
be demonstrated in the cleanup alternatives evaluation of the FS (Section 9.6). 

■ The cleanup action is protective of human health. This determination will be demonstrated in 
the cleanup alternatives evaluation of the FS. 

■ The cleanup action is protective of terrestrial ecological receptors. Future paved parking areas, 
buildings and capped areas will prevent ecological receptor exposures to hazardous substances 
that would remain in soil under the containment alternatives. 

■ Institutional controls are put in place to prohibit or limit activities that could interfere with the 
long-term integrity of the containment system. Institutional controls established to maintain an 
engineered cap will be included as part of the respective cleanup alternatives.  

■ Compliance monitoring and periodic reviews are designed to ensure the long-term integrity of 
the containment system. Monitoring will be included as part of any remedy implemented at the 
Site. 

■ The draft cleanup action plan specifies the hazardous substances remaining and the measures 
used to prevent migration and direct contact. This information will be included in the draft CAP. 

9.3. Pilot Studies and Interim Action Technologies 

Pilot studies and several phases of interim actions have previously been conducted on the Site. The 
pilot testing results and performance observations from prior interim actions inform the technology 
screening (Section 9.4) and alternatives development and evaluation (Sections 9.5 and 9.6) for the 
FS. Based on previous pilot testing and prior interim actions, site-specific and technology-specific 
implementability issues that may affect technologies or alternatives being considered in the FS are 
described below.  
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9.3.1. Pilot Testing 

Field and bench-level tests of enhanced soil agitation were performed in January 2007 to evaluate 
agitation as a remedial technology to remove LNAPL in the Haley upland soil (Appendix P). However, 
soil agitation was not retained during technology screening for this FS because soil agitation has 
relatively high short-term risks (as described in Section 9.4.3.2) in comparison to other available 
technologies for LNAPL removal. This section briefly describes the field and bench-level tests 
conducted in 2007 to evaluate this technology. Some of the conclusions resulting from the 2007 
field and bench-level pilot tests are applicable to other LNAPL removal technologies retained through 
the screening process.  

The 2007 soil agitation field test utilized an auger or backhoe bucket to “mix” saturated smear zone 
soil within an open excavation after removal of approximately 8 feet of overlying soil. A rotary-drum 
skimmer was placed in the lowest portion of the open excavation to remove LNAPL that accumulated 
on the water surface during the agitation activities. The bench test utilized hand tools and mixing bowls 
in a laboratory setting to mimic soil agitation. LNAPL removal effectiveness was evaluated based on 
direct measurement of the recovered LNAPL quantity during the field test, and through comparison of 
pre-test and post-test diesel-range hydrocarbon concentrations in the bench test soil samples, and 
comparison of pre-test and post-test free product mobility testing (using ASTM D425M, API RP40, 
Appendix P) of field test soil samples from the agitation area and of bench test soil samples. An 
estimated 195 gallons of LNAPL were liberated by soil agitation methods during the field test. Pre- and 
post-test soil samples indicated that soil agitation reduced diesel-range hydrocarbon concentrations 
by 70 to 90 percent, and also reduced residual LNAPL mobility. 

The enhanced soil agitation field test revealed several constructability considerations that could 
apply to other ex situ or in situ technologies being considered for upland cleanup actions. Below is a 
summary of constructability considerations that remain relevant, given the updated conceptual site 
model developed in the RI (Section 8.0): 

■ Subsurface timber piles encountered near the shoreline can create obstructions for excavation 
and in situ technologies requiring soil mixing. 

■ Trench box shoring or sheet piles can be utilized to more successfully accomplish in situ 
treatment of small excavation areas. 

■ Wood debris is present in smear zone soil and may float on the groundwater surface in open 
excavations, thereby inhibiting effective recovery of LNAPL from the water surface by some 
techniques. 

■ Agitating silt that is present in the upland fill unit produces an emulsified oily slurry that inhibits 
the release of LNAPL to the surface of water in an open excavation.  

■ Sufficient agitation and residence time on the order of hours to days are needed to liberate 
otherwise immobile residual LNAPL to the point that LNAPL can be recovered using normally-
accepted engineering methods. 

9.3.2. Interim Action Technologies 

Independent actions to recover LNAPL and control intermittent seeps were performed between 1986 
and 2012 (RI Section 2.4.8) and an Interim Action was completed in 2013 (GeoEngineers 2014 
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“Interim Action Completion Report” February 12, 2014). The technology performance and 
implementation challenges observed during these prior actions as described below are relevant to 
the technology screening and alternatives evaluation for the FS. 

LNAPL recovery: The automated LNAPL pumping and collection system that operated in 2001 and 
2002 resulted in low LNAPL recovery rates, averaging less than 8 gallons/month (Section 6.2.4). The 
system utilized 2- and 4-inch-diameter vertical recovery wells installed east of the sheet pile barrier, 
10-inch-diameter vertical recovery wells in a gravel-filled drainage slot on the upgradient (east) side 
of the sheet pile barrier, horizontal LNAPL recovery trenches and a pneumatic hydrophobic pump. 
Recovery rates from this system were low, due to several inter-related factors such as the relatively low 
quantity of mobile LNAPL compare to immobile LNAPL, high LNAPL viscosity and very low LNAPL 
gradients (Section 7.2). Manual LNAPL recovery from monitoring and recovery wells using hand 
bailers, peristaltic pumps, and centrifugal pumps had similarly low overall recovery rates, equivalent 
to an average of 4 gallons/month (Section 6.2.4). Future LNAPL recovery from recovery or monitoring 
wells at the Site is anticipated to result in relatively low quantities of recoverable LNAPL primarily 
because a substantial portion of LNAPL at the Site is immobile due to the length of time that has 
passed since the original release(s) of P-9 carrier oil, discontinuous spatial distribution of LNAPL in 
soil, and frequent water table fluctuation at the shoreline from tidal effects (Section 7.2). Recovered 
LNAPL requires off-site treatment and disposal at an approved hazardous waste facility. LNAPL 
recovery was carried forward for further evaluation in FS technology screening (Section 9.4); although 
it is expected that the quantity of recoverable LNAPL is anticipated to be relatively low. 

Sheet pile barrier at shoreline: The sheet pile barrier addressed the intertidal oil seep that occurred 
in 2000 and effectively prevented further LNAPL migration. Therefore, low-permeability barrier 
technologies are carried forward into the FS. The implementation challenges that occurred during 
construction of the barrier are mentioned here because one alternative evaluated in this FS uses 
this remedial technology. Specifically, the requirements to collect, contain and manage LNAPL, soil 
and dewatering fluids generated during construction of the drainage slot on the upland side of the 
sheet pile barrier and liner were significant due to waste designation and associated regulatory 
requirements. In addition, buried obstructions (e.g., wood) were encountered during sheet pile 
installation causing installation difficulties.  

The sheet pile barrier also affects groundwater flow which is an important consideration in the 
development and design of cleanup alternatives. Specifically, based on groundwater monitoring and 
the groundwater model findings explained in the RI, there is a slight mounding of groundwater on 
the upgradient side of the barrier wall. In addition, a longer groundwater discharge flow path is 
created by virtue of groundwater flowing beneath the wall.  

The barrier also prevented further erosion of the shoreline bank. However, natural beach processes 
have resulted in both erosion and deposition of sediment and sand along the length of the wall, 
depending on location, seasonal tides, currents and wind. Where erosion protection rock and quarry 
spalls were placed along a portion of the wall, no erosion has occurred.  

Sediment removal: Sediment removal in the intertidal zone was conducted in 2001 in connection 
with actions taken to address oil sheen emerging from the sediment (Section 2.4.8.2). The sediment 
removal, in combination with the sheet pile barrier, effectively addressed the oil sheen observed in 
2000. The 2001 activities confirmed that a track-mounted excavator positioned on the upland can 
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be utilized to minimize the footprint of sediment disturbance during excavation in intertidal areas. 
Implementation challenges that may apply to future similar actions, included capturing LNAPL 
released from the sediment matrix as a result of being disturbed, caving within the excavation, and 
handling/managing the loose saturated, excavated material. Sediment removal was retained as a 
remedial technology based on the technology screening (Section 9.4). 

Amended sand cap: The design and construction of the amended sand cap in a localized area of the 
intertidal zone (2013 interim action) informs remedial technologies considered in this FS. The cap 
consists of a 6-inch-thick layer of amended sand covering approximately 5,000 square feet of 
intertidal zone between the shoreline bluff and approximately elevation 0 feet (NAVD88). The 
amended cap was constructed to eliminate an oil sheen that was emanating from this portion of the 
intertidal zone, south of the existing sheet pile barrier (Section 2.4.8.2). The amended sand cap 
effectively eliminated the petroleum sheen observed at this location. Amended sand cap was 
retained as a remedial technology based on the technology screening (Section 9.4). 

Organoclay was selected as the cap amendment based on the design objectives for the interim 
action that included preventing release of dissolved-phase contaminants and mobile LNAPL 
emerging from sediment. A 6-inch-thick layer of amended sand, consisting of a 50:50 ratio of 
organoclay mixed with imported well-graded clean sand, was used for the cap.  

The interim action cap was constructed during a period of low tide events that allowed the work to 
be completed in the dry. In addition, the cap was placed without removal of any existing sediment. 
Large rocks and piling were removed to enable effective cap placement and performance. The cap 
was constructed using a long-reach excavator and conveyor equipment staged in the adjacent 
upland, thereby minimizing disturbance to the marine environment. 

Water quality protection controls were utilized effectively during the interim action construction, as 
required by permit, including floating debris berms with a silt curtain, as well as an oil boom. 

9.4. Identification and Screening of Remedial Technologies 

This section identifies and presents a screening evaluation of potentially applicable general response 
actions (GRAs) and associated remedial technologies for developing cleanup action alternatives in 
accordance with MTCA requirements, WAC 173-340-350. Sources of information used to develop 
the list of technology process options include EPA publications and databases, bench-scale and 
pilot-scale test data, text references, vendor information, and professional experience at similar 
sites.  

The technology screening evaluation was performed for environmental media at the Site (soil, 
groundwater, sediment) and for LNAPL. Based on the screening evaluation, selected response 
actions and technologies were carried forward for use in developing cleanup action alternatives for 
the upland unit and sediment unit (Section 9.5). 

GRAs are actions that can be taken to reduce or eliminate the adverse impact of chemicals on human 
health and the environment. The technology screening tables (Tables 9-7 through 9-10) first identify 
GRAs that can potentially achieve CAOs. Remedial technology types and associated remedial 
technology process options that could be used to implement the GRAs are then identified. Specific 
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remedial technologies, known as technology process options, were screened based on EPA’s criteria 
of effectiveness, implementability and cost (EPA 1988b). In the final step of technology screening, 
the technology process options least suitable to address impacted media and achieve CAOs were 
eliminated from further evaluation and the most suitable technologies were carried forward in the 
development of alternatives.  

9.4.1. Screening of Technology Process Options 

The remedial technology screening is presented in Tables 9-7 through 9-10. The results of the 
screening are discussed further in Sections 9.4.2 through 9.4.5. Those technology process options 
considered technically effective, implementable given current knowledge of the Site, and 
cost-effective relative to competing options were retained for inclusion in cleanup action alternatives, 
which are described in Section 9.5. The components of each of the three primary screening criteria, 
effectiveness, implementability and relative cost, are explained below.  

9.4.1.1. EFFECTIVENESS 
The effectiveness evaluation focused on the ability of each technology process option to address 
CAOs, site-specific COCs, and protect human health and the environment relative to the other 
remedial technologies. The effectiveness evaluation was based on the following: 

■ The ability of a technology process option to achieve the established CAOs. 

■ The degree to which the technology process option protects human health and the environment 
during construction and implementation. 

■ Likely effectiveness considering Site-specific conditions. 

9.4.1.2. IMPLEMENTABILITY 
The implementability evaluation focused on the technical and administrative feasibility of a 
technology process option. The implementability evaluation was based on the following: 

■ The institutional aspects of implementation, including the ability to obtain necessary permits and 
public acceptance. 

■ The availability of support services and equipment, and the degree to which the technology 
process option has been demonstrated to be implementable at other sites. 

9.4.1.3. RELATIVE COST 
This criterion was used to compare capital and operation and maintenance (O&M) costs of the 
technology process options. Relative capital and O&M costs between alternatives were used in the 
technology screening. Each technology was evaluated based on whether relative costs (based on 
engineering judgment) are expected to be low, moderate, or high compared to other remedial 
technologies.  

9.4.2. Soil Remedial Technologies 

A range of potential GRAs and remedial technologies were evaluated for upland soil at the Site to 
support the development of cleanup action alternatives. The GRAs considered in the screening 
evaluation included institutional controls, soil containment, soil removal, soil management and in 
situ treatment (Table 9-7). GRAs that were evaluated are discussed further below. Ex situ treatment 
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processes were screened out as GRAs for upland soil because ex situ treatment would constitute 
RCRA “placement” under EPA’s AOC guidance (EPA 1989) and could not be performed at the Site 
without triggering LDRs.  

9.4.2.1. IN SITU TREATMENT BY SOLIDIFICATION AND STABILIZATION 
In situ treatment of soil is defined as the in-place treatment of soil without removing it from its 
natural/native location (Watts 1998). Several common in situ treatment technologies were 
evaluated for applicability to the contaminants and conditions at the Site including chemical, 
biological, thermal, and physical treatment methods (Table 9-7). The retained technologies were in 
situ solidification and stabilization techniques that leave contaminants in place, but physically and 
chemically bind them to reduce contaminant leaching to groundwater. 

In situ solidification and stabilization (ISS) are processes that mix treatment materials directly into 
the contaminated soil to physically or chemically change the contaminant/soil environment such 
that contaminants are chemically or physically bound to soil and/or treatment reagents, or physically 
isolated from surrounding groundwater, significantly reducing the potential to partition into 
groundwater. ISS binds and immobilizes the contaminants in a physically isolated state, thereby 
preventing contaminant migration to other media and associated exposures. Soil treatment by ISS 
is most commonly employed by mixing contaminated soil with portland cement or another 
cementitious material. Where organic contaminants are present, additives such as organophilic clay 
are used to adsorb the contaminants and allow the portland cement to cure (CETCO 2008) to achieve 
a stable matrix.  

EPA (EPA 2000) defines the two separate ISS processes as follows: 

■ Solidification ─ The process of encapsulating contaminated material to form a solid material and 
restrict contaminant migration by decreasing the surface area exposed to leaching or by coating 
the contaminated material with low-permeability materials. Solidification traps the contaminated 
material within a granular or monolithic matrix. 

■ Stabilization ─ The process in which chemical reactions occur between the reagents and 
contaminated material to reduce the leachability of contaminated material and create a stable 
insoluble form. Stabilization chemically binds free liquids and immobilizes contaminated 
materials or reduces their solubility through a chemical process, but does not result in a 
solidified, low-permeability mass.  

For the contaminants present at the Site, the in situ solidification process retained in this FS relies 
on the addition of organoclay to portland cement to facilitate the curing process in soil that contains 
substantial concentrations of LNAPL (Conner 1990). Organoclay is a bentonite material modified by 
an ion exchange process that converts the material from strongly hydrophilic to a hydrophobic and 
organophilic state, and is sometimes referred to as “organophilic clay”. Once converted, organoclays 
are capable of adsorbing many times their weight in organic contaminants, and are particularly 
effective at adsorbing the diesel-range hydrocarbons and PAHs present at the Haley Site. 
Traditionally, organoclays have been used in the oil and gas production industry, particularly in off-
shore drilling, as an effective process water treatment method. Recently, the addition of organoclay 
to the in situ solidification process has allowed this technology to be applied to organic contaminants 
in soil that would otherwise not be amenable to the solidification process due to their detrimental 
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effect on the cement materials used for solidification (EPA 2009a). Organoclay additives in the 
solidification process have been demonstrated to adsorb the organic contaminants to the degree 
necessary to allow the cement to cure and achieve the leachability and permeability requirements.  

In situ solidification would be implemented at the Site using standard excavation equipment for 
shallow applications (approximately less than 15 feet bgs). Solidification of deeper soil would 
necessitate the use of more specialized in situ mixing equipment, such as large-diameter mixing 
augers.  

In situ stabilization using organoclay was retained as a component of cleanup alternatives that 
include soil treatment in upgradient portions of the Site. Stabilization is a more desirable form of 
in situ treatment in these areas where the soil profile requiring treatment extends down to bedrock. 
Solidification of the entire saturated soil horizon in this (upgradient) portion of the Site would cause 
groundwater management challenges as a result of the low-permeability matrix produced by the 
solidification treatment process. In situ stabilization would be achieved by mixing granular 
organoclay throughout the contaminated soil profile in the shallow aquifer at the Site. The organic 
contaminants in the treatment zone would adsorb to the organoclay without significantly reducing 
the permeability of the treated soil matrix. This technology is capable of stabilizing residual LNAPL 
and dissolved-phase organic contaminants, and is therefore considered an effective remedial 
technology for both soil and groundwater (Tables 9-7 and 9-9). The resulting treated soil matrix does 
not significantly affect groundwater flow, but reduces contaminant mobility. In situ stabilization using 
organoclay would be implemented in the same manner as described above for in situ solidification, 
using common soil mixing methods. 

In situ solidification and stabilization would require treatability testing to evaluate the most effective 
reagent mixes and assess the resulting effect on contaminant leachability. The effect of subsurface 
debris (e.g. wood waste, pilings, landfill waste) on ISS will need to be evaluated during remedial 
design. 

9.4.2.2. SOIL EXCAVATION AND MANAGEMENT  
Soil excavation is considered an effective technology to permanently eliminate the risk of exposure 
to contaminants at the Site. Excavation is generally implementable using common and available 
processes and equipment. For the purpose of this FS, standard excavation methods are assumed to 
be feasible in the upland portion of the Site, including dewatering and water handling where 
excavation occurs below the water table. Shoring may be necessary for safe excavation in certain 
situations; however, shoring was not included in the FS cost estimates for upland alternatives that 
involve deep excavation.  

Excavated soil can be managed on-site within the boundaries of the designated AOC without 
triggering LDRs under federal RCRA and state dangerous waste regulations (Section 9.2.1.1 and 
Appendix N). Excavated soil can be amended to enhance geotechnical suitability as needed to 
manage the material in the upland AOC. These actions can be conducted within the AOC without 
being considered a dangerous waste “generation” event under the AOC policy.  

Off-site treatment and disposal of excavated soil also were retained for use in the upland remedial 
action alternatives. Off-site treatment and disposal requirements for excavated soil will depend on 
waste designations, but for purposes of estimating costs in this FS it is assumed that all soil will be 
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F-listed (F032) hazardous waste, and a portion of the soil will require treatment by incineration prior 
to disposal to comply with LDRs. Additional details concerning off-site waste treatment and disposal 
assumptions are presented in Section 9.5 and in the FS cost estimates (Appendix Q). 

9.4.2.3. SOIL CONTAINMENT 
Methods for preventing people and ecological receptors from being exposed to contaminated soil 
include various types of surface and subsurface engineered caps. For the Haley Site, 
low-permeability cap technologies were retained for use in the cleanup action alternatives. 
Low-permeability caps will prevent direct exposure to contaminated soil, while also significantly 
reducing or eliminating stormwater infiltration in the upland portion of the Site. The reduced 
infiltration is one component of upland source control because it reduces contaminant leaching to 
groundwater and overall contaminant flux from the upland to marine unit. 

The Haley upland cap would include a subsurface low-permeability geomembrane, and in places an 
at-grade asphalt or concrete pavement cap. The subsurface low-permeability geomembrane would 
consist of 40-mil synthetic liner (Section 9.5.2.1) that would impede stormwater infiltration. The 
Haley low-permeability cap would be generally equivalent to the two-layer low-permeability cap 
system at the Cornwall site. 

The low-permeability function of any upland cap would necessitate the collection and management 
of Site stormwater. Subsurface landfill gas (LFG) and other volatile organic compounds may be 
present in the area of overlap between the Haley and Cornwall Sites, or in broader portions of the 
Haley upland. The Cornwall remedy will include a collection and ventilation system to mitigate the 
buildup of gas beneath the landfill cap (Landau 2013). Gas collection and management needs 
beneath the Haley cap will be evaluated during remedial design, similar to Cornwall. Capping and 
gas collection components of both remedies will be integrated across both Sites. In addition, physical 
vapor barriers could be utilized, if needed, to prevent the intrusion of soil vapors into indoor air space 
of future park structures. Vapor barriers were retained in the technology screening but their necessity 
and potential use will depend on future park plans. 

9.4.2.4. INSTITUTIONAL CONTROLS 
Institutional controls (ICs) include regulatory or legal restrictions and access controls to reduce risk 
to people or ecological receptors by preventing contact with contaminants. Environmental covenants 
that limit land use are typical legal mechanisms for preventing exposure, while fencing and warning 
signage are typical access control methods. Any ICs implemented at the Site would require long-term 
monitoring to ensure compliance with the CAOs. 

An environmental covenant would not be an acceptable cleanup action on its own because it would 
not achieve the CAOs for the upland soil areas. However, land use restrictions accomplished using 
an environmental covenant were retained as a component of cleanup action alternatives, as they 
can be effective and implementable in combination with engineered containment controls and other 
GRAs. As an example, a covenant can require maintenance of a protective barrier that keeps people 
and ecological receptors from being exposed to impacted soil. ICs may be needed to protect the 
integrity of the selected remedy; however, any restrictions imposed by ICs would not preclude the 
planned use of the Site as a park. 
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Access controls such as permanent fencing were not considered implementable because fencing 
would not be compatible with the proposed future use of the Site as a park (Section 9.1.2).  

9.4.3. LNAPL Remedial Technologies 

A range of potential containment, removal and treatment remedial technologies were evaluated for 
LNAPL (Table 9-8) and are discussed further below. 

9.4.3.1. IN SITU TREATMENT BY SOLIDIFICATION AND STABILIZATION  
In situ treatment methods were also retained for addressing LNAPL at the Site. The in situ 
solidification and stabilization processes described above for soil (Section 9.4.2.1) are applicable to 
LNAPL at the Site. Similar to the processes described for soil, in situ solidification and in situ 
stabilization were retained for use where applicable. Solidification and stabilization have been 
proven effective at reducing the leachability of organic contaminants and the mobility of NAPL 
(ITRC 2011a). Implementation techniques for the in situ solidification and stabilization of LNAPL 
would be performed as described in Section 9.4.2.1. 

9.4.3.2. LNAPL REMOVAL 
Several LNAPL removal technologies were evaluated for potential use in remedial alternatives at the 
Site (Table 9-8). Based on Site conditions, including the immobile nature of most LNAPL at the Site, 
only excavation and passive LNAPL skimming were retained for inclusion in the development of 
cleanup action alternatives.  

The soil agitation process that was previously tested at the Site (Section 9.3) was considered, but 
not retained for further evaluation primarily because of the high cost, duration of implementation, 
and because the soil agitation process has a higher potential for short-term impacts. These potential 
impacts include a risk of increased LNAPL mobilization and contaminant dissolution to groundwater 
on a short-term basis. 

Excavation methods retained for LNAPL removal were the same as those retained for soil 
(Section 9.4.2.2). Due to the high contaminant concentrations in LNAPL-impacted soil, excavation 
methods will require controls to prevent the release of LNAPL during construction. It will also be 
necessary to separate free liquids (including LNAPL) from the excavated soil, or stabilize these liquids 
in the soil prior to off-site transport or on-site management within the AOC. Excavated soil in the area 
of potentially mobile LNAPL, if removed from the Site, is expected to require treatment by incineration 
prior to disposal (Section 9.5). 

Passive LNAPL removal was also retained for inclusion in cleanup action alternatives for this FS. The 
large area of immobile LNAPL (Section 6.2) and limited degree of LNAPL recoverability (Section 7.2) 
prohibit cost-effective removal by more aggressive techniques such as dual- or multi-phase 
extraction. Passive LNAPL skimming utilizes in-well skimmers to selectively remove LNAPL from the 
well casings. The passive skimming process does not affect the hydraulic gradient or generate the 
large volumes of water that would be generated using more active extraction (pumping) technologies. 
Skimming is capable of effectively removing large volumes of LNAPL under suitable conditions 
(Leppert et al. 2012). LNAPL skimming in combination with other containment technologies that 
prevent exposure to the LNAPL are retained for inclusion in the cleanup alternatives. 
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9.4.3.3. LNAPL CONTAINMENT  
Engineered containment methods for LNAPL considered in this FS included physical LNAPL barriers, 
such as low-permeability sheet pile walls and slurry walls. The success of the existing sheet pile wall 
(Section 9.3.2) at containing LNAPL indicates that this technology can be effective at reducing further 
impacts to the marine unit. As an alternative to a sheet pile barrier, a slurry wall may also be an 
implementable low-permeability barrier technology. The effectiveness of a slurry wall is expected to 
be equivalent to that of a sheet pile wall. While both sheet pile and slurry walls were retained through 
the screening process, cost estimates in this FS assume use of a sheet pile wall for those alternatives 
that include use of a vertical LNAPL containment wall. Final selection of the wall type would be made 
during remedial design. 

LNAPL containment using a sheet pile wall would be implemented in a manner similar to the existing 
sheet pile wall, with the vertical barrier installed as close to the shoreline as possible and to depths 
corresponding to near the top of the upland soil unit comprising native marine sediment. The sheet 
pile wall would be designed as a permanent, low-permeability barrier by enhancing standard sheet 
piling with materials such as grouted joints, epoxy coatings and cathodic protection.  

9.4.4. Groundwater Remedial Technologies 

A range of groundwater remedial technologies were also evaluated for potential use in cleanup 
alternatives at the Site. The GRAs considered in the screening evaluation included institutional 
controls, containment, in situ groundwater treatment, and groundwater collection (Table 9-9). 
Specific technology process options that were retained are discussed further below. 

9.4.4.1. IN SITU PASSIVE GROUNDWATER TREATMENT 
Passive groundwater treatment using a permeable reactive barrier (PRB) was retained for evaluation 
as a component of cleanup action alternatives. In a typical application, a PRB is designed to intercept 
and remediate a contaminant plume (ITRC 2011b). While considered in situ treatment, a PRB is also 
a barrier technology as it is intended to prevent downgradient migration of contaminants as a result 
of focusing the treatment within the PRB. PRBs are typically installed at a point downgradient of the 
contaminant source to intercept contaminants migrating with groundwater to a known receptor or to 
a location off-property. At the Haley Site, the PRB would be located as close to the shoreline as 
possible to prevent migration of contaminants from the upland area to the marine unit, which would 
require the PRB to be located within or very near an area where potentially mobile LNAPL is present. 
This is not a typical application for a PRB and is expected to result in implementability issues 
associated with construction of the PRB without temporarily mobilizing contaminants from within the 
area of potentially mobile LNAPL. 

Many commonly used in situ treatment technologies can be used in a PRB application. For the mobile 
groundwater contaminants at the Site (primarily PAHs and diesel-range hydrocarbons) granular 
organoclay is expected to be an effective reactive medium for use in a PRB. The organoclay would 
provide treatment of the contaminants by adsorption, attenuating contaminant concentrations as 
groundwater passes through the PRB. 

PRBs can be constructed several ways depending on the treatment technology being used. PRBs 
that rely on placing a reactive media within the groundwater flow path need to be constructed in a 
way that injects the material into the subsurface or physically mixes the material with soil or replaces 
the soil with the reactive material. The granular nature of organoclay as a PRB material is not suitable 
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to inject into the subsurface and would require placement in an excavated trench or mixed in situ 
using specialized construction equipment. The width of the PRB is determined by both the 
construction method and the treatment requirements. The width of trenched PRBs installed with 
excavators can be no narrower than the width of the excavator bucket, while innovative in situ mixing 
methods allow reactive media to be placed as a narrow PRB. 

9.4.4.2. GROUNDWATER CONTAINMENT 
Groundwater containment methods were retained for use in upland remedial alternatives. The 
existing sheet pile containment wall directs groundwater flow into deeper, less contaminated soil 
(Section 4.2.2.4). This lengthened flow path through cleaner soil enhances attenuation processes, 
resulting in substantially lower dissolved-phase contaminant concentrations in groundwater flowing 
beneath the sheet pile barrier (Section 6.8). As noted above in Section 9.4.3.3, both low-permeability 
sheet pile and slurry walls were considered potentially implementable and effective groundwater 
containment. In this FS, however, it is assumed that a sheet pile wall would be used in remedial 
alternatives that include a vertical containment wall near the shoreline.  

Full containment of groundwater, preventing any groundwater from flowing from the upland to the 
marine unit, was not retained for further consideration in this FS. Full containment of groundwater 
at the shoreline would require extraction, treatment and disposal of groundwater in perpetuity. It 
would be difficult to achieve upland groundwater containment via extraction without inducing marine 
surface water flow beneath the upland, thereby producing large volumes of extracted groundwater. 
Treatment and disposal of this large volume of extracted water would prove to be disproportionately 
costly. 

9.4.4.3. INSTITUTIONAL CONTROLS 
ICs include land use restrictions to reduce risk to receptors by preventing contact with contaminants. 
Land use restrictions in the form of environmental covenants are required at sites that use 
engineering controls (e.g. containment technologies) as a component of remedial actions. The 
environmental covenants prevent actions that might threaten the integrity of the remedy. They also 
dictate the maintenance and monitoring requirements of engineering controls.  

9.4.5. Sediment Remedial Technologies 

A range of remedial technologies was evaluated for Site marine sediment. The SMS (WAC 173-204-
570 [4][b]) provides a list of likely technologies that may be used to clean up contaminated sediment. 
Incorporating that list, the GRAs considered in the screening evaluation included institutional 
controls, capping, in situ sediment treatment, sediment removal, management of excavated 
sediment, enhanced natural recovery, and monitored natural recovery (Table 9-10). Specific GRAs, 
technology types, and process options that were retained for use in alternatives development are 
discussed further below.  

9.4.5.1. CAPPING 
Sediment capping is a common containment technology that relies on physical, chemical and 
biological isolation of contaminants left in place to reduce risks to people and aquatic receptors. 
Caps may be a sole response action or combined with removal technologies that leave some 
contaminated sediment in place. Caps can be designed to accommodate site-specific conditions 
such as land use, navigation requirements, slope, bottom depth, sediment geotechnical properties, 
contaminant type and concentration, and exposure to waves or other erosive forces.  
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Conventional caps typically consist of a layer of sand or other granular material with a thickness that 
varies based on site-specific conditions, and is placed over contaminated sediment. More complex 
caps may be layered to include impermeable geomembranes, permeable geotextile fabrics or other 
materials (e.g., clay layer) to enhance chemical or physical isolation and stability of the cap. The top 
(surface) layer of a cap can be designed to provide habitat. Specialized materials can be part of a 
cap design to enhance chemical isolation and may include various types of amendments 
(e.g., activated carbon, organoclay) or engineered layers (e.g., reactive core mat) that attenuate the 
flux of contaminants from the underlying contaminated sediment to the overlying water column. 
Sediment capping methods are described in Table 9-10.  

Cap placement technologies vary based on the location and type of material used. Cap materials can 
be placed using conventional construction equipment (loaders, backhoes etc.), if conducted in the 
dry. In-water placement methods include barge dumping, hydraulic spreading, or diver placement. 

Short-term risks associated with cap placement include contaminated sediment 
disturbance/resuspension, release of potentially contaminated porewater as a result of sediment 
consolidation, and smothering of benthic communities and aquatic vegetation. Long-term risks 
associated with capping include potential release of contamination left in place, should the integrity 
of the cap be compromised.  

Capping methods that chemically and physically isolate contaminated sediment as well as those that 
provide enhanced chemical isolation were retained for consideration in this FS. Specifically, 
conventional sand caps and sand caps that would incorporate an amendment to sequester organic 
contaminants were retained. The cap specifications, such as thickness and amendment quantity 
would be determined during design. Armoring would be a component of caps where the physical 
environment requires additional protection from wave or current-induced resuspension and erosion 
or bioturbation.  

9.4.5.2. SEDIMENT REMOVAL 
Removal is a common remedial technology that is applied to contaminated sediment. Removal 
methods include land-based excavation, mechanical or hydraulic dredging. Land-based removal 
utilizes excavators staged from the shoreline or intertidal areas during low-tide periods to remove a 
specified depth of contaminated sediment. Sediment removal areas can be covered with geotextile 
or a thin sand layer to reduce contaminant releases during periods of tidal inundation. Alternatively, 
engineered systems such as berms, sheet piling and pumping can be used to isolate the excavation 
area from surface water. 

Dredging is a removal technology conducted from a barge or other in-water platform. Dredging is 
typically conducted by lowering a bucket to scoop sediment from the bottom, lifting the filled bucket 
through the water column onto a barge where the sediment is dewatered. The dredged material is 
then transported to an on-site disposal facility, confined or open water aquatic disposal facility or 
transloading facility for off-site disposal. Different buckets are used for different purposes―clamshell 
buckets can remove consolidated sediment and debris better than many other buckets and provide 
high productivity due to bucket size and volume. Environmental buckets reduce loss of material 
during dredging and are effective in soft sediment; they can also be sized to provide greater 
productivity. Almost all dredging equipment is effective in shallow (less than 100 feet) water but 
becomes more difficult to implement with increasing depths. Mechanical dredging and land-based 
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excavation techniques incorporate less water with the sediment, thereby reducing the amount of 
water that must be managed (i.e., treated and/or disposed). 

Hydraulic dredging typically uses various types of cutters or devices to disturb the sediment, drawing 
it into a suction pipe for transport to a dewatering facility prior to disposal. Very soft sediment can be 
hydraulically removed without the use of cutters. Diver-assisted hydraulic dredging can be used for 
very specific, small-scale applications (e.g., removal around a pier structure). Use of a hydraulic 
dredge may not avoid the need for mechanical dredging; a clamshell bucket is still often required to 
remove debris prior to hydraulic dredging. Hydraulic dredging entrains a substantial volume of water 
along with the dredged material and requires dewatering and water treatment prior to disposal. 
Dewatering requires an upland facility proximal to the dredge area for efficient transfer and 
treatment of the sediment/water mixture. Sediment removal methods, as well as handling and 
disposal methods, are described in Table 9-10.  

Short-term risks associated with dredging include resuspension of sediment and possible exposure 
of aquatic organisms to particulate or water-borne contaminants within the remediation footprint. 
Long-term risks are associated with the production of dredging residuals, which is contamination 
that remains within or adjacent to the dredge area after dredging, or off-site transport of 
resuspended material. 

Land-based excavation and mechanical dredging were retained for use in the FS. Intertidal sediment 
would be excavated using land-based equipment. Contaminated sediment in lower intertidal and 
subtidal areas would be removed using barge-mounted dredging equipment. Dredged sediment 
would be placed on an additional barge near the dredging equipment and would need to be off-
loaded to the upland at an off-site transloading facility.  

9.4.5.3. EXCAVATED/DREDGED MATERIALS MANAGEMENT 
Implementation of removal technologies would require a final fate for excavated material. 
Contaminated sediment can be beneficially reused (e.g., incorporated into construction materials) 
or disposed. Disposal may be in-water in a confined aquatic disposal facility (CAD) or at an 
unconfined (open water) disposal site, or in an upland facility. Beneficial reuse requires a current 
project that is willing to incorporate any material generated and may require sediment treatment 
prior to reuse; no available projects have been identified to date. In-water disposal has extensive 
siting and permitting requirements. Currently, there is no regional CAD facility for contaminated 
sediment and Site sediment is unlikely to meet open water disposal requirements. Upland disposal 
facilities are available regionally, but have additional requirements for characterization and material 
properties that must be met.  

Two techniques were retained for managing excavated/dredged sediment at the Site. They include 
off-site treatment and disposal, and managing the material on-site within the upland AOC. Excavated 
sediment would be consolidated within the AOC in areas within the footprint of the low-permeability 
upland cap system. Sediment will likely require addition of amendments to strengthen the material 
for geotechnical suitability during consolidation within the upland AOC. Soil strengthening methods 
would need to be consistent with EPA’s and Ecology’s AOC policies and guidance. 

Off-site treatment and disposal of contaminated sediment and debris would be in accordance with 
state dangerous waste and RCRA regulations. Based on existing sediment data, most excavated 
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sediment could be placed directly in a Subtitle C or D landfill. Some sediment would designate as a 
land-banned hazardous waste and require incineration prior to disposal in a Subtitle C landfill. 

9.4.5.4. NATURAL RECOVERY PROCESSES  
The natural recovery of sediment refers to natural processes such as chemical and biological 
degradation, sedimentation (i.e., burial beneath clean sediment) and bioturbation (e.g,, mixing, 
oxidation) that result in reduced contaminant concentrations in surface sediment over time. When 
conditions causing natural recovery of sediment are expected to reach cleanup goals within a 
reasonable time frame (defined as 10 years in SMS), or other technologies are determined to not be 
practicable, MNR can be applied. This cleanup approach requires long-term monitoring to 
demonstrate the rate of recovery to ensure that CAOs are met. The monitoring program associated 
with an MNR remedy typically includes a combination of physical, chemical and biological testing. 

The natural load of clean sediment from the Nooksack River is sufficient for sediment to naturally 
recover through mixing and burial processes alone in many areas of Bellingham Bay, including the 
vicinity of the Haley Site (see Section 7.3.5.1). MNR is a component of the Whatcom Waterway 
cleanup areas that are adjacent to or overlap with the Haley Site; MNR is also a component of the 
cleanup for portions of the adjacent Cornwall site. MNR was retained for consideration as a 
component of remedial alternatives in subtidal areas where sediment concentrations are low enough 
that natural recovery will achieve cleanup levels within a reasonable time frame.  

In scenarios where sedimentation is the primary recovery process, but recovery rates or existing 
sediment concentrations prevent achieving cleanup levels within a reasonable time, natural recovery 
can be enhanced by placing a thin layer of clean sediment (commonly about 6 inches) to reduce 
surface sediment concentrations and accelerate natural recovery processes. This process, enhanced 
natural recovery (ENR), may achieve cleanup levels in a reasonable restoration time frame under 
conditions in which MNR would not. ENR was retained as a component of sediment remedial 
alternatives for areas where natural recovery would be expected to occur, but sediment 
concentrations are too high relative to the natural sedimentation rates for MNR to achieve CAOs in 
an acceptable restoration time frame. 

9.4.5.5. INSTITUTIONAL CONTROLS 
ICs considered for addressing contaminated sediment at the Site include various restrictions or legal 
agreements that would prevent people or ecological receptors from being exposed to contamination 
left in place and that would protect the physical integrity of the remedy over time. ICs can only be 
proposed as the sole response action in cases where an active remedy is not feasible. Accordingly, 
ICs are typically combined with various engineered responses. ICs can be applied during 
implementation, post-remediation, and may even continue after CAOs have been achieved to ensure 
the long-term efficacy of the remedy. Environmental covenants that restrict the use of the marine 
unit in order to meet one or more of the CAOs (e.g., protection of human health) would likely be part 
of most remedies. Activities such as dredging, boat anchoring, large vessel maneuvering or in-water 
construction that could potentially damage a sediment cleanup action would be prohibited using 
environmental covenants. Such covenants are legally binding agreements regardless of property 
ownership or future land use; however, most covenants take into account likely future use scenarios. 
In addition, covenants are enforceable by Ecology and parties to the covenant.  
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Public notice, education and/or advisories may also be applicable to the sediment remedy. 
Appropriate ICs will be identified as part of the selection of the final remedy for the Site. 

9.5. Description of Cleanup Action Alternatives 

Cleanup alternatives were developed based on current approaches for upland and sediment 
remediation projects in the United States, with special attention to Washington State, following 
regulations and guidance developed by Ecology, EPA and USACE. Each alternative was designed to 
meet MTCA and/or SMS threshold requirements. The remedial alternatives are generally presented 
in order of increasing levels of removal and/or treatment of contaminated media, with the last 
alternative for each Site unit involving complete removal of contaminated media to the extent 
practicable. The alternatives were sufficiently developed on a conceptual basis to meet the 
objectives of the FS: to perform a comparative evaluation of remedial alternatives and identify a 
preferred alternative. The final design for the selected alternative may differ somewhat from the 
alternative descriptions presented in this FS depending on agency decisions, input from the public 
and other stakeholders, permit requirements, and supplemental data that may be collected to 
support design. 

The remedial alternatives include a range of treatment, removal, and containment technologies to 
achieve cleanup standards for impacted media. The upland alternatives include actions that satisfy 
the expectations of MTCA (WAC 173-340-350 through -370). For example, the alternatives include 
various technologies that remove, destroy, immobilize, and/or contain NAPL and associated 
contaminants in soil, groundwater and sediment. These technologies combined with upland capping 
and stormwater controls will achieve a key goal of MTCA and SMS: upland source control. 
Collectively, these actions will eliminate or control to the extent practicable contaminant migration 
from the upland to marine units. 

Sections 9.5.2 and 9.5.3 describe the primary components of each upland and sediment alternative, 
along with the key assumptions, basis and rationale for including the alternative in the FS.  

Each of the upland remedial alternatives includes the following common elements, which are not 
repeated in the subsequent alternative descriptions. Costs for these comment elements, however, 
are included in the FS cost estimates. 

■ Removal of the existing sheet pile barrier, UST, surge tank and associated underground product 
piping. 

■ Removal of remnants of the former facility stormwater system to the extent needed to yield a 
protective remedy.  

■ Improved upgradient drainage controls to reduce stormwater infiltration along the BNSF 
right-of-way. 

■ Passive engineering control (e.g., vapor barriers) of soil vapors, if needed, during construction of 
future structures. 

■ Recontouring and capping of the shoreline bank to integrate the upland and sediment remedies, 
and accommodate planned redevelopment of the Site as a park (e.g., beach access).  

Common elements of the sediment alternatives include the following: 
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■ Removal of the Interim Action cap that was installed in 2013 in the intertidal zone at the south 
end of the Site. 

■ Removal and disposal of debris and piling that could otherwise adversely affect the performance 
of the remedy if left in place.  

■ Armoring of the shoreline bank to address erosion processes known to have occurred at the Site. 

9.5.1. Future Site Redevelopment 

The City’s Master Plan for Cornwall Beach Park envisions a 17-acre park that will include portions of 
the Haley Site and Cornwall Landfill site, approximately 14 acres of upland (City- and State-owned) 
and 3 acres of intertidal (State-owned). Consistent with the proposed Waterfront District Sub-Area 
Plan, the Cornwall Beach Master Plan includes such features as enhanced shoreline access, 
shoreline and beach restoration, paved and lighted parking with associated underground utilities 
and other park amenities such as restrooms, picnic shelters, a playground, a pavilion and 
concessions. The park design has not been finalized. Some or all of these park features may be 
located within the boundaries of the Haley Site. 

All components of the remedial alternatives developed for the Haley Site are driven solely by the 
CAOs, exclusive of any park considerations. As a result, the estimated cleanup costs have not been 
influenced by any aspects of the conceptual park design. The remedial alternatives, however, would 
be compatible with future use of the Site as a park. The design and implementation of the Haley Site 
cleanup and proposed park will be coordinated during future design, planning and permitting phases 
of both projects. Additional discussion regarding compatibility of the preferred alternative with future 
use of the site as a park is presented in Section 10.0. 

9.5.2. Cleanup Action Alternatives – Upland 

Six different remedial alternatives were developed for the upland unit, with three of the alternatives 
(U3a, U3b and U3c) using similar technologies in different areas of the Site. Each alternative includes 
a combination of technologies retained through the screening process (Section 9.4). The matrices 
below indicate the key concepts and remedial technologies of each upland alternative. The upland 
alternatives are summarized in Table 9-11 and discussed in Sections 9.5.2.1 through 9.5.2.6.  

UPLAND REMEDIAL ALTERNATIVES 

Key Concepts of Alternative U1 U2 U3a U3b U3c U4 

Prevent direct contact ● ● ● ● ● ● 

Reduce groundwater recharge ● ● ● ● ●  

Physical groundwater barrier ●  ● ●   

Groundwater treatment  ●     

Soil treatment   ● ● ●  

Soil removal     ● ● 

Removal all soil > CULs      ● 
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Key Remedial Technologies U1 U2 U3a U3b U3c U4 

Low-permeability cap ● ● ● ● ●  

Vertical barrier (sheet pile) at shoreline ●      

Permeable reactive barrier (PRB)  ●     

LNAPL removal/off-site incineration ● ●    ● 

In situ LNAPL/soil solidification   ● ● ●  

In situ soil stabilization    ● ●  

Soil/LNAPL removal     ● ● 

On-site management of excavated soil     ●  

Off-site management of excavated soil      ● 

Institutional controls ● ● ● ● ●  

9.5.2.1. ALTERNATIVE U1: PASSIVE LNAPL REMOVAL, VERTICAL SHORELINE BARRIER, UPLAND CAP 
Upland Alternative U1 primarily utilizes containment technologies in conjunction with LNAPL recovery 
to reduce risks to human health and the environment. The containment features would include a 
low-permeability vertical barrier near the shoreline to prevent LNAPL migration to the marine unit, 
and an engineered low-permeability cap over the entire footprint of soil that exceeds cleanup levels 
(Figures 9-2 and 9-3). 

The vertical barrier included in Alternative U1 would function similar to the existing sheet pile wall. 
This wall would contain potentially mobile LNAPL in the upland, while causing groundwater to flow 
deeper beneath the wall through cleaner soil. The deeper groundwater flow path through cleaner soil 
would enhance attenuation process, thereby reducing the concentration of dissolved-phase 
contaminants in groundwater that flows beneath the wall to the marine unit. This process is occurring 
today based on groundwater monitoring data (Section 6.8). Groundwater quality would be further 
improved by LNAPL removal and other components of the alternative that are described below. 

The vertical barrier would be located at the shoreline bank along the entire extent where LNAPL is 
potentially mobile (Figure 9-2). The barrier would prevent migration of the potentially mobile LNAPL 
in this area (Section 7.2). For the purpose of this FS, it is assumed the vertical barrier would consist 
of a sheet pile wall with sealed joints, epoxy coating, cathodic protection, and other features that 
enhance its low-permeability characteristics and provide longevity.  

LNAPL would be removed on the upgradient side of the vertical barrier using passive oil skimming 
equipment. Dedicated LNAPL skimmers (pneumatic or belt-type skimmers) would be placed in each 
of approximately 25 recovery wells located where LNAPL is potentially recoverable. Passive 
skimmers slowly remove recoverable LNAPL without generating significant volumes of water that 
would require costly treatment and disposal. The skimmers would be operated on a continuous basis 
and controlled by a central operation system. The recovered LNAPL would be transported off-site for 
incineration at a permitted facility. 
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The oil recovery system described above would satisfy the MTCA requirement to remove LNAPL to 
the extent practicable using normally accepted engineering practices. Oil removal and off-site 
incineration also would satisfy the MTCA preference for removal and destruction of highly 
concentrated and potentially mobile contamination at cleanup sites.  

Alternative U1 also includes an engineered low-permeability cap to prevent direct contact with 
contaminated soil, and reduce the infiltration of stormwater. Reducing stormwater infiltration would 
decrease contaminant leaching from vadose zone soil and reduce groundwater (and contaminant) 
flux from the upland to marine unit. The primary source of groundwater flowing through the Haley 
upland is stormwater that directly falls on the Site. It is estimated that construction of a 
low-permeability cap in the upland would reduce stormwater infiltration by approximately 95 percent 
within the footprint of the cap. Results of groundwater flow modeling indicated that groundwater flux 
at the mudline is reduced by approximately 70 percent as a result of the upland cap construction. 
Appendix R provides additional details regarding the effects of the upland cap on groundwater flux.  

The low-permeability cap (described further below) would primarily utilize a synthetic 
low-permeability liner (assumed 40 mil thickness) to prevent stormwater infiltration covered by at 
least a 2-foot thick layer of clean soil (Figure 9-3). This Haley low-permeability cap would be generally 
equivalent to the two-layer low-permeability cap system (i.e., 20-mil polyethylene liner and 
low-permeability soil) at the Cornwall site. The cap would encompass all portions of the Site where 
contaminant concentrations in soil exceed cleanup levels, including areas where Haley Site 
contaminants overlap onto the Cornwall site. In the event additional data are needed to refine the 
northern boundary of the low-permeability cap system and drainage controls, additional sampling 
would be conducted during the design phase. 

Any soil and/or sediment excavated to implement cleanup actions in other portions of the Site would 
be relocated beneath the footprint of the cap. All these activities would occur within the boundaries 
of the Haley AOC (Section 9.2.1.1). Any excavated soil (or sediment) consolidated within the upland 
AOC within the low-permeability cap footprint would be graded as needed to achieve the desired 
subgrade elevations for the overlying cap.  

For purposes of the FS, the conceptual design of the upland cap would include the following 
components from bottom to top: 

■ A flexible geotextile separation layer to prevent finer-grained underlying soils from mixing with 
overlying cap materials and to demarcate underlying contaminated soil from overlying clean 
media. 

■ A gas-collection layer, if needed, based on additional evaluations to be conducted during 
remedial design. It is assumed this horizon would be 6-inches thick and would provide passive 
migration of vapors and venting to ambient air. 

■ A low-permeability synthetic liner such as a 40-mil PVC geomembrane on top of the gas-collection 
layer. 

■ A high-permeability drainage horizon, assumed to be approximately 1-foot thick, to collect and 
convey infiltrated stormwater to a discharge point. Drainage details would be developed during 
remedial design. 
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■ A flexible geotextile separation layer on top of the drainage layer to separate the drainage layer 
from the final fill layer(s). 

■ A cap surface horizon consisting of a growing medium and vegetated (hydroseeded) surface or 
a paved surface with appropriate subgrade. For FS cost estimating purposes, it is assumed that 
approximately 70 percent of the cap area would be vegetated and 30 percent would be paved.  

Upland alternatives utilizing a low-permeability cap include cap costs for the area overlapping with 
the Cornwall upland cap. Actual construction costs for capping in this overlap area, however, would 
be shared between the two projects.  

Collectively, the various components of Alternative U1 would provide source control measures to 
eliminate or reduce to the extent practicable contaminant migration from the upland to marine units. 
The actions described above would not only reduce contaminant leaching and migration via the 
groundwater pathway, but prevent the erosion and transport of contaminated soil by stormwater 
runoff. 

Alternative U1 would require operation and maintenance (O&M) of some remedial components, 
including the LNAPL recovery system. For cost estimating purposes, it is assumed that LNAPL 
recovery system will be operated for a period of ten years. In addition, costs associated with periodic 
maintenance and repairs for the cap and the shoreline barrier are included in the O&M costs for this 
alternative. For comparison purposes, the duration of maintenance is assumed to be 30 years. 
Monitoring costs to evaluate performance of the cleanup action were also included in the FS cost 
estimates. Annual monitoring of the condition of the cap components and the barrier wall is included 
to ensure that the components are functioning properly. Groundwater monitoring is expected to be 
required to evaluate the performance of the cleanup action. For purposes of the FS, long-term 
monitoring of cleanup action components and groundwater conditions in the upland will be required 
for a period of 30 years. Institutional controls would be used to prevent activities that might 
jeopardize the integrity of the remedy, and provide for long term O&M and monitoring requirements. 

The estimated cost of Alternative U1 is $10,090,000 (Appendix Q Table Q-4). For all alternatives, 
cost estimates are in 2014 dollars, include contingencies, and represent order-of-magnitude with a 
range of -30 percent to +50 percent based on EPA guidance (EPA 2000a).  

9.5.2.2. ALTERNATIVE U2: PERMEABLE REACTIVE BARRIER (PRB), PASSIVE LNAPL REMOVAL, UPLAND CAP 
Alternative U2 would utilize passive groundwater treatment in conjunction with LNAPL recovery and 
soil containment to reduce risks to human health and the environment (Figures 9-4 and 9-5). 

Alternative U2 would utilize the same engineered low-permeability cap and passive LNAPL skimming 
technique as Alternative U1. The upland cap would prevent direct contact with contaminated soil 
and reduce stormwater infiltration. As with Alternative U1, reducing stormwater infiltration would 
reduce the flux of groundwater and contaminant mass from the upland to the marine units. This also 
would have the effect of reducing flow through the PRB. LNAPL recovered by the skimming system 
would be destroyed by incineration at an off-site facility, the same as in Alternative U1. 

The PRB in Alternative U2 would treat groundwater as it flows from the upland to marine unit 
(Figure 9-4). The treatment media in the PRB would be organoclay, which is capable of sequestering 
LNAPL and dissolved-phase organic contaminants in Site groundwater. The PRB would be comprised 
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of a mixture of granular organoclay and clean sand to provide a permeable vertical treatment wall 
adjacent to the shoreline. The thickness (width) of the PRB and the fraction of organoclay needed to 
achieve proper treatment over an assumed 30-year lifespan would be established during remedial 
design. For cost estimating purposes, it is assumed that the PRB would be 2-feet-thick and contain 
20 percent organoclay by volume. 

PRBs can be installed using several construction methods, including one-pass trenching techniques 
and in situ placement of the reactive media using soil mixing technologies. For Alternative U2, it is 
assumed that soil would be removed from a trench at the desired location of the PRB, after which 
the trench would be backfilled with a mixture of clean imported soil and organoclay. 

Alternative U2 would require O&M of the LNAPL recovery system. For cost estimating purposes, it is 
assumed that the LNAPL recovery system will be operated for a period of ten years. It is possible that 
the reactive media in the PRB could reach its sorbtive capacity in the future at which time the spent 
organoclay/sand media would need to be replaced. For cost estimating purposes, it is assumed that 
the PRB is replenished after 30 years. Monitoring and maintenance of the components of the upland 
cap would be required, as described for Alternative U1. Long-term groundwater monitoring will be 
required to evaluate the effectiveness of the remedy. For purposes of the FS, it is assumed that 
groundwater monitoring will be required for a period of 30 years. Institutional controls would be used 
to prevent activities that might jeopardize the integrity of the remedy, and provide for long term O&M 
and monitoring requirements. 

The estimated cost of Alternative U2 is $10,710,000 (Appendix Q Table Q-5). 

9.5.2.3. ALTERNATIVE U3A: NEARSHORE IN SITU SOIL SOLIDIFICATION, UPLAND CAP 
Alternative U3a is one of three upland alternatives that utilize an in situ soil treatment method. In 
this alternative, in situ solidification would be used to treat soil in the area of potentially mobile 
LNAPL near the shoreline (Figures 9-6 and 9-7). Alternative U3a would also include the same upland 
low-permeability cap described in previous alternatives to prevent direct exposure to contaminated 
soil and reduce infiltration of stormwater. 

In situ solidification would treat soil near the shoreline to immobilize LNAPL and reduce contaminant 
leaching to groundwater. Solidification would be accomplished by mixing a cement and organoclay 
blend directly into soil in the area where LNAPL is potentially mobile. This material permanently 
micro-encapsulates the soil particles and associated contamination, and has been proven to be a 
successful treatment technology for soil contaminated with organic compounds (Section 9.4.2.4). 
The solidification process would require treatability testing to determine the appropriate mixture of 
cement and organoclay and other reagents required to achieve treatability goals including 
low-permeability of the treated matrix, reduced leachability of treated contaminants, and strength 
and stability of the solidified mass to ensure long-term effectiveness. 

The solidification process would produce a monolithic matrix near the shoreline that would impede 
groundwater flow. Similar to the vertical shoreline barrier in Alternative U1, groundwater from 
upgradient locations would flow beneath the solidified monolith through cleaner soil. The 
solidification process of Alternative U3a, however, would have the added benefit of sequestering 
LNAPL and associated soil contamination in the solidified mass, thereby reducing contaminant 
leaching into groundwater. 
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In situ solidification would be implemented by removing and stockpiling unsaturated soil above the 
top of the smear zone. In the area of overlap with the Cornwall Landfill, it is assumed that some 
debris would need to be removed from the refuse horizon for solidification to be successfully 
implemented. For cost estimating purposes, it is assumed that 25 percent of the material in this 
area will require off-site transport and treatment/disposal as hazardous waste. Standard excavation 
equipment would be used to mix the cement/organoclay blend directly into the soil. Soil would be 
treated to a depth below the deepest extent of residual LNAPL to provide a factor of safety to account 
for unknown subsurface conditions. For cost estimating purposes, it is assumed the soil treatment 
zone would range in thickness from approximately 8- to 13-feet, with an average thickness of 
approximately 11 feet. The stockpiled overburden would be backfilled on top of the treated soil after 
completing the treatment process. 

Alternative U3a would require long-term groundwater monitoring to evaluate the effectiveness of the 
remedy. For purposes of the FS, it is assumed that groundwater monitoring will be required for a 
period of 30 years. Costs were included for annual monitoring of the cap condition to ensure that 
damage to the cap has not occurred. The upland cap could require monitoring and maintenance as 
described for Alternative U1. Institutional controls would be used to prevent activities that might 
jeopardize the integrity of the remedy, and provide for long term O&M and monitoring requirements. 

The estimated cost of Alternative U3a is $10,250,000 (Appendix Q Table Q-6). 

9.5.2.4. ALTERNATIVE U3B: EXPANDED IN SITU SOIL SOLIDIFICATION AND STABILIZATION, UPLAND CAP 
Upland Alternative U3b would incorporate an expanded soil solidification footprint that extends 
farther inland than Alternative U3a (Figures 9-8 and 9-9). In addition, soil upgradient of the 
solidification area would be treated in situ using a stabilization process. Alternative U3b would utilize 
the same low-permeability upland cap described for other alternatives to prevent direct exposure to 
contaminated soil and reduce infiltration of stormwater.  

Alternative U3b utilizes in situ soil treatment technologies throughout the majority of the smear zone. 
Solidification would be used within approximately 150 feet of the shoreline, which includes areas 
where LNAPL is potentially mobile. In situ stabilization using organoclay would be used between the 
area of solidification and the upgradient boundary of the Site. As described above for Alternative 
U3a, it is assumed that 25 percent of the treatment zone in the landfill overlap area will be removed 
and transported off-site for treatment/disposal as hazardous waste. Collectively, the solidification 
and stabilization treatment actions would sequester LNAPL and dissolved-phase organic 
contaminants in soil and groundwater. Stabilization, as opposed to solidification, would be used in 
the upgradient portion of the Site to enable treatment of the full vertical extent of the smear zone 
without precluding groundwater flow through the shallow aquifer in this portion of the Site 
(see Section 9.4.2.1 and Figure 9-9). Closer to the shoreline, groundwater would flow beneath the 
solidified soil mass through cleaner soil, as described above for Alternative U3a. 

Implementation of the in situ solidification process would be the same as described for 
Alternative U3a. In situ stabilization would be completed using similar construction techniques. Both 
processes would require treatability testing to determine the appropriate treatment materials and 
quantities, prior to implementation. The selected reagents would be directly mixed into soil using 
standard excavation equipment. Treatment would be performed to a depth below the vertical extent 
of residual LNAPL (Figure 9-9) to add a factor of safety to account for unknown subsurface 
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conditions. For cost estimating purposes, it is assumed the soil solidification zone would range in 
thickness from approximately 6- to 13-feet, with an average thickness of 9 feet. Thickness of the soil 
stabilization zone is assumed to range from approximately 3-feet to 8-feet, with an average thickness 
of 6.5 feet. 

Long-term monitoring and potential maintenance requirements for Alternative U3b would be the 
same as those described for Alternative U3a. Institutional controls would be used to prevent activities 
that might jeopardize the integrity of the remedy, and provide for long term O&M and monitoring 
requirements. 

The estimated cost of Alternative U3b is $21,050,000 (Appendix Q Table Q-7). The substantially 
increased cost of U3b over U3a is driven by the differences in the volume of soil treated.  

9.5.2.5. ALTERNATIVE U3C: SOIL REMOVAL, IN SITU SOIL SOLIDIFICATION AND STABILIZATION, UPLAND CAP 
Upland Alternative U3c is a variation of Alternative U3b that utilizes the same in situ treatment 
processes to address contaminated soil; however, in Alternative U3c soil in the area where LNAPL is 
potentially mobile would be removed by excavation rather than treated in situ (Figures 9-10 and 
9-11). The excavated soil would be consolidated within the footprint of the broader in situ 
solidification area farther upland within the AOC under the low-permeability cap. Outside of the 
excavation area, the footprint of in situ soil treatment would be the same as described for Alternative 
U3b. Alternative U3c also incorporates a low-permeability upland cap to prevent direct exposure to 
contaminated soil and reduce infiltration of stormwater, as described in previous alternatives.  

The added component of soil removal for Alternative U3c would involve removal of smear zone soil 
within the areal limits of potentially mobile LNAPL (Figure 9-10). Soil would be excavated to the lower 
limit of the smear zone using common excavation methods. The total volume of contaminated soil, 
landfill waste and debris excavated under this alternative is assumed to be approximately 25,000 cy, 
of which 22,200 cy is assumed to be managed on-Site by consolidation within the upland AOC. The 
assumed quantity of landfill waste or debris from the excavation area that would be transported 
off-site for disposal as hazardous waste because it cannot be effectively consolidated within the AOC 
is nearly 2,800 cy. Soil removed from the excavation area would be temporarily stockpiled prior to 
consolidating it beneath the upland cap within the AOC. If necessary to strengthen the excavated soil 
for use as fill within the AOC, the soil would be prepared using the same solidification process used 
for in situ solidification. For cost estimating purposes, the 15,300 cubic yards of excavated soil within 
the smear zone is assumed to require solidification treatment while the remaining 6,700 cubic yards 
of overburden soil is assumed to not require solidification. 

Soil removal under this alternative would likely require temporary shoring and dewatering to safely 
excavate soil from the deepest part of the smear zone; costs for temporary shoring and water 
management were included in the FS cost estimate for this alternative. The excavation would be 
backfilled using clean imported fill.  

All aspects of in situ soil treatment would be the same for this alternative as for Alternative U3b, 
except under Alternative U3c in situ soil treatment would not be performed in the soil removal area. 
The upland low-permeability cap would extend over the excavated and backfilled area to limit 
stormwater infiltration as in other alternatives. During remedial design, it could be determined that 
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the upland cap would not need to extend over the entire soil removal area depending on sediment 
remedy considerations. 

Long-term monitoring and potential maintenance requirements for Alternative U3c would be the 
same as those described for Alternative U3a. Institutional controls would be used to prevent activities 
that might jeopardize the integrity of the remedy, and provide for long term O&M and monitoring 
requirements. 

The estimated cost of Alternative U3c is $24,990,000 (Appendix Q Table Q-8). 

9.5.2.6. ALTERNATIVE U4: COMPLETE REMOVAL 
Alternative U4 would consist of excavating all upland soil with contaminant concentrations exceeding 
cleanup levels, to the maximum extent practicable. This action would also remove residual and 
potentially mobile LNAPL from the upland. Excavated soil would be transported off-site for 
treatment/disposal in accordance with state and federal dangerous/hazardous waste regulations. 
Dewatering necessary to accomplish excavation, and corresponding water handling, treatment and 
disposal, were included in the FS cost estimate for this alternative.  

The lateral extent of soil removal assumed for Alternative U4 includes the footprint of contaminant 
concentrations exceeding soil cleanup levels (Figure 9-12). Based on this framework, the assumed 
depth of excavation ranges from 8 to 30 feet bgs (Figure 9-13). The total volume of contaminated 
material removed from the Site in this alternative is assumed to be approximately 187,000 cy. The 
Site would be reconstructed to original grade using clean imported fill. Unlike the previous upland 
remedial alternatives, no upland cap would be required to prevent direct contact with contaminated 
soil or reduce stormwater infiltration. In addition, no institutional controls would likely be required. 
Groundwater monitoring would be required for a relatively short period of time to demonstrate the 
effectiveness of the remedy; it is assumed these monitoring activities would be terminated after 
5 years. 

Estimated costs for off-site treatment and disposal of remediation-derived waste were based on 
characterization data from the RI. Excavated soil containing Haley-related contaminants would be 
classified as F032-listed dangerous waste. The primary cost driver for this alternative is the quantity 
of soil that is expected to require incineration prior to disposal due to concentrations of 
dioxins/furans and/or individual PAHs that exceed respective RCRA alternative LDR treatment 
standards for remediation-derived contaminated soil (10-times the universal treatment standards 
specified in 40 CFR 268.48). Based on the existing soil data, it is assumed that approximately 
40 percent of the total quantity of excavated soil under this alternative would be transported and 
incinerated at a RCRA Subtitle C facility in Aragonite, Utah at a cost of approximately $878 per ton. 
Corresponding volumes and costs for the disposal assumptions based on waste characterization 
data are presented in the detailed FS cost estimates, Appendix Q. 

The estimated cost of Alternative U4 is $167,600,000 (Appendix Q Table Q-9). 

9.5.3. Cleanup Action Alternatives – Sediment 

Five alternatives were developed to achieve CAOs for the sediment unit; the alternatives incorporate 
various combinations of sediment removal, capping and natural recovery technologies. The matrices 
below summarize the key concepts and technologies that comprise each alternative. The 
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alternatives are summarized in Table 9-12 and described in detail in Sections 9.5.3.1 through 
9.5.3.5. 

SEDIMENT REMEDIAL ALTERNATIVES 

Key Concepts of Alternative S1 S2 S3 S4 S5a S5b 

Containment only (no removal) ●      

Remove some smear zone sediment  ●  ●   

Remove all smear zone sediment   ●  ● ● 

Remove all sediment > CULs     ● ● 

Maintains bathymetry    ● ● ● 

Maintains existing eelgrass habitat    ●   

Key Remedial Technologies S1 S2 S3 S4 S5a S5b 

Sediment removal  ● ● ● ● ● 

Conventional sand cap ● ● ● ●   

Amended sand cap ● ●  ●   

Enhanced natural recovery (ENR) ● ● ● ● ● ● 

Monitored natural recovery (MNR) ● ● ● ● ● ● 

On-site management of majority of excavated 
sediment ● ● ● ● ●  

Off-site management of majority of excavated 
sediment     ● ● 

Institutional Controls ● ● ● ● ● ● 

 
Some or all of the most highly contaminated smear zone sediment would be removed under each 
alternative except for one; the corresponding quantities of sediment removed under each alternative 
are outlined below.  

ALTERNATIVE SEDIMENT QUANTITIES 

Alternative 
Approximate volume of contaminated 
material excavated or dredged (cubic yards) 

S1 0 

S2 3,700 

S3 7,700 

S4 8,200 

S5a 20,000 

S5b 20,000 

 
Capping is incorporated in each alternative where sediment contamination remains at 
concentrations greater than cleanup levels after the sediment removal action (S1 through S4). 
Nearshore sediment removal and capping actions are carefully paired in Alternatives S2, S3 and S4 
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to provide for chemical containment in this heavily impacted area. A conventional sand cap is 
proposed for one alternative that removes more of the underlying contaminated sediment near the 
shoreline (S3); amended sand caps are proposed for other alternatives (S1, S2 and S4) that remove 
less (or no) contaminated sediment in this area. Farther from the shoreline, only conventional caps 
are proposed. No cap is required in Alternative S5 because all contamination is removed in the 
intertidal and shallow subtidal areas, although clean material will be used to backfill the 
excavated/dredged areas. 

All alternatives include ENR and MNR in deeper waters surrounding the removal and capping areas. 
For all sediment remedies, the footprint of the ENR and MNR areas will be refined as part of remedial 
design data collection. In this FS, ENR is conservatively proposed for an area outside of the sediment 
cap boundary where Haley-related dioxin/furan concentrations are estimated to be greater than 
two times the regional background-based cleanup level and natural sedimentation is occurring 
(Section 9.2.3.1). MNR would be proposed throughout the remainder of the Site where Haley-related 
dioxin/furan concentrations are less than two times the cleanup level. The actual footprint of ENR 
and MNR will be revised after completion of this FS based on the following factors: 

■ Additional sediment analytical data that will likely be obtained to further evaluate concentrations 
of bioaccumulative compounds in the ENR/MNR areas; 

■ Further evaluation of the anticipated effect of natural recovery in the ENR/MNR areas; and 

■ Interpretation of the Site data on a surface-area weighted average concentration (SWAC) basis. 

The estimated sediment remedy costs presented in this FS include costs for ENR in the area 
described above (dioxin/furan concentrations greater than two times the cleanup level). This is a 
conservative assumption and the ENR area will be refined during remedial design based on the 
factors described above. Although the MNR boundary has not been fully determined, monitoring 
costs were included in the FS to account for a reasonable scope of MNR for the alternatives. Each 
of the sediment alternatives in this FS utilizes MNR in the same manner and scale. The inclusion of 
the MNR costs is not intended to compare different technologies applied for a particular area of the 
Haley Site, but is intended to better reflect the overall cost of each of the alternatives. This allows a 
more complete evaluation of the alternatives in the DCA. 

Existing bathymetry would be preserved in several alternatives through a balanced removal and 
capping approach; other alternatives would result in decreased water depths in some areas. All 
alternatives provide improved benthic habitat features; existing eelgrass habitat is preserved in one 
alternative. Institutional controls would be required for all alternatives. Long-term monitoring to 
assure the effectiveness of the remedy would be included in each alternative; chemical, physical and 
biological sampling elements were assumed for the purpose of costing in the FS. 

9.5.3.1. ALTERNATIVE S1: CONTAINMENT 
This alternative would rely on capping to prevent people and aquatic organisms from coming into 
contact with contaminated sediment in intertidal and shallow subtidal areas (Figures 9-14 and 9-15). 
Organoclay would be added to capping material in the smear zone area to enhance chemical 
isolation in this approximately 0.6-acre upper intertidal area. A conventional sand cap would be 
placed over the remaining 1.1-acre area exceeding benthic toxicity-based cleanup levels. Debris and 
remnant piling that could affect the performance of the capping system would be removed prior to 
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cap placement and disposed off-site. An area within the upland AOC would be used to store debris 
prior to transport to a permitted disposal facility. 

The entire cap area would be armored to maintain the physical integrity of the cap because the 
nearshore area is subject to wave action and currents. The cap would also be designed to prevent 
disturbance by recreational vessels that may operate or anchor in the area. Fish mix, constituting a 
habitat material with a range of grain sizes used by various species, would be used to fill in spaces 
among armor rock.  

ENR would be proposed in shallow subtidal areas seaward of the cap. A sand layer (assumed to be 
approximately 6 inches thick) would be placed over the area with moderate exceedances of 
bioaccumulation-based cleanup levels. For the purpose of estimating the remedy cost, ENR is 
assumed to extend a distance from the shoreline similar to the thin cap component of the adjacent 
Cornwall remedy. This results in an ENR area for the Haley Site of approximately 2 acres. The ENR 
layer is not intended to confine contamination; rather, it would mix with the underlying sediment over 
time to reduce risks to ecological receptors (e.g., fish and crab) that may consume benthic 
invertebrate prey and ultimately, people that may eat seafood from the bay. Risk reduction in deeper 
subtidal areas with lower concentrations of bioaccumulative chemicals would be achieved through 
MNR; these areas receive significant deposition of clean sediment from the Nooksack River. 

Institutional controls would be used to prevent activities in the marine unit that could potentially 
damage the sediment remedy (examples could include dredging, large vessel maneuvering or 
in-water construction). Other types of institutional controls may also be applicable.  

Implementation of Alternative S1 would not be dependent on the timing of construction for the 
upland remedy; additional discussion regarding remedy compatibility is included in 9.5.3.6. 

The estimated cost of Alternative S1 is $3,820,000 (Appendix Q Table Q-10). For all alternatives, 
cost estimates are in 2014 dollars, include contingencies, and represent order-of-magnitude with a 
range of -30 percent to +50 percent based on EPA guidance (EPA 2000a). 

9.5.3.2. ALTERNATIVE S2: UPPER INTERTIDAL SEDIMENT REMOVAL AND AMENDED CAP 
Alternative S2 would include removal of approximately 3,700 cy of contaminated sediment primarily 
from the smear zone over approximately 1.0 acre in the upper intertidal zone (Figures 9-16 and 
9-17). Remaining contaminated sediment in the removal area would be contained beneath a 
2-foot-thick amended cap closest to the shoreline, transitioning to a conventional sand cap to the 
north and south of the smear zone and farther from the shoreline to the west. Outside of the 
sediment removal area, the conventional sand cap would be placed directly on the existing sediment 
surface throughout the remaining footprint of benthic toxicity exceedances. As a result, the 
conventional sand cap would extend into the shallow subtidal zone (Figure 9-17). 

The areal extent of the amended sand cap and conventional sand cap in this alterative would be 
0.6 acres and 1.1 acres, respectively. The sediment removal and capping approach in this 
alternative would preserve existing bathymetry in the upper intertidal zone. The conventional sand 
cap in the lower intertidal and shallow subtidal areas would effectively decrease water depths, 
resulting in habitat conversion in an approximately 0.7-acre area. The existing eelgrass bed also 
would be covered by the sand cap. Conventional land-based excavation equipment would be used 
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to remove contaminated sediment prior to capping, and construct portions of the cap closest to the 
shoreline (for the purpose of the FS cost estimate, land-based equipment would also be used to 
construct the sand cap in the shallow subtidal zone). 

Excavated sediment would be consolidated beneath the upland cap within the upland AOC, after 
screening, removing debris and appropriately strengthening the material for geotechnical suitability. 
Recovered debris, assumed to represent approximately 20 percent of the excavated sediment, would 
be transported off-site for disposal. Methods for handling and strengthening excavated sediment so 
that it can be consolidated within the upland AOC would be in accordance with EPA and Ecology AOC 
policies and guidance. Implementation of this alternative would be dependent on the timing of 
construction of the upland remedy (Section 9.5.3.6).  

ENR and MNR technologies would be implemented in the same areas as described in Alternative S1. 
Institutional controls would be used to prevent activities in the marine unit that could potentially 
damage the sediment remedy. Other types of institutional controls may also be applicable. 

The estimated cost of Alternative S2 is $5,140,000 (Appendix Q Table Q-11). 

9.5.3.3. ALTERNATIVE S3: UPPER INTERTIDAL SEDIMENT REMOVAL AND SAND CAP 
Alternative S3 would include removal of approximately 7,700 cy of contaminated sediment over 
about 1 acre in the upper intertidal zone (Figures 9-18 and 9-19). Remaining contaminated sediment 
in the removal area would be contained beneath an approximately 4-foot thick conventional sand 
cap. Outside of the sediment removal area, a 2-foot thick conventional sand cap would be placed 
directly on the existing sediment surface throughout the remaining footprint of benthic toxicity 
exceedances. The conventional sand cap would extend into the shallow subtidal zone (Figure 9-19).  

The areal extent of the conventional sand cap in this alterative would be 1.7 acres. The sediment 
removal and capping approach in this alternative would preserve existing bathymetry in the upper 
intertidal zone. As with Alternative S2, the conventional sand cap in the lower intertidal and shallow 
subtidal areas would effectively decrease water depths, resulting in habitat conversion in an 
approximately 0.7-acre area and the existing eelgrass bed would be covered by the sand cap.  

Excavated sediment would be screened to remove debris and consolidated within the upland AOC 
similar to the description for Alternative S2 (Section 9.5.3.2); debris would be disposed off-site. 
Implementation of this alternative would be dependent on timing of construction of the upland 
remedy (Section 9.5.3.6). 

ENR and MNR technologies would be implemented in the same areas as described in Alternative S1. 
Institutional controls preventing portions of the marine unit to be used for activities that could 
potentially damage the sediment cleanup action would be included as appropriate. Other types of 
institutional controls may also be applicable. 

The estimated cost of Alternative S3 is $5,470,000 (Appendix Q Table Q-12). 

9.5.3.4. ALTERNATIVE S4: INTERTIDAL AND SHALLOW SUBTIDAL REMOVAL AND AMENDED CAP 
Sediment removal associated with Alternative S4 in the upper intertidal zone is similar to 
Alternative S2; the use of a 2-foot thick organoclay amended cap to contain remaining contaminated 
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sediment in the upper intertidal smear zone is also similar to Alternative S2 (Figures 9-20 and 9-21). 
Alternative S4 proposes continued seaward removal of contaminated sediment in the lower 
intertidal/shallow subtidal area where surface sediment exceeds benthic toxicity-based criteria, 
except in areas with existing eelgrass beds (Figures 9-20 and 9-21). Remaining contaminated 
sediment in the extended sediment removal area would be contained beneath a conventional sand 
cap. The approximate total volume of contaminated sediment that would be removed under this 
alternative is 8,200 cy.  

The areal extents of the amended sand cap and conventional sand cap in this alterative are 
approximately 0.6 acres each and the sediment removal and capping approach in this alternative 
preserves existing bathymetry throughout this entire capping area.  

Excavated sediment would be screened to remove debris and consolidated beneath the upland cap 
within the upland AOC similar to the description for Alternative S2 (Section 9.5.3.2). Implementation 
of this alternative would be dependent on timing of construction of the upland remedy 
(Section 9.5.3.6). 

ENR and MNR technologies would be implemented in the same areas as described in Alternative S1, 
with the exception that the ENR area would also be applied in the eelgrass bed that was identified 
in the southern portion of the Site to preserve this existing sensitive habitat. Institutional controls 
would be used to prevent activities in the marine unit that could potentially damage the sediment 
remedy. Other types of institutional controls may also be applicable. 

The estimated cost of Alternative S4 is $6,640,000 (Appendix Q Table Q-13). 

9.5.3.5. ALTERNATIVES S5A AND S5B: COMPLETE REMOVAL 
Alternative S5 removes all sediment in the intertidal and shallow subtidal zone (1.7 acres) that 
exceeds cleanup levels (about 20,000 cy), using land-based excavation as well as dredging methods, 
and backfilling with clean material (Figures 9-22 and 9-23). Surface sediment contamination in 
subtidal areas that is likely to naturally recover (including enhanced natural recovery) would be left 
in place; ENR and MNR technologies would be implemented in the same areas as described in 
Alternative S1 and institutional controls would be included as appropriate. No conversion of 
bathymetry occurs under this alternative; however, existing eelgrass habitat is removed.  

The difference between Alternative S5a and S5b relates to the handling of excavated sediment. 
Alternative S5a assumes that as much of the excavated contaminated sediment as possible is 
consolidated within the upland AOC (assumed quantity represents 50 percent of the excavated 
sediment). Therefore, implementation of Alternative S5a would be dependent on the timing of 
construction of the upland remedy (Section 9.5.3.6). Excavated sediment that cannot be 
accommodated within the upland AOC would be transported off-site for disposal at a permitted 
landfill. Assumptions made for the purposes of FS costing were that contaminant concentrations in 
the excavated sediment transported off-site for disposal meet conditions for a contained-in 
determination allowing disposal of contaminated sediment at a Subtitle D landfill. Debris that may 
adversely affect implementation of the remedy or its long-term performance would also be disposed 
of off-site as in Alternative S1. 
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Alternative S5b assumes that all excavated sediment and debris would be transported off-site for 
treatment and disposal. Alternative S5b therefore is essentially not dependent on the timing of 
construction of the upland remedy, except to the extent of transition and integration of the remedies 
at the shoreline.  

For the purposes of developing cost estimates for Alternatives S5a and S5b, remediation waste 
characterization, designation and treatment/disposal assumptions were made based on 
interpretation of Site characterization data and on regulatory and landfill requirements. 
Treatment/disposal costs for excavated sediment transported off-site were based on comparison of 
sediment sample chemical analytical data to treatment standards and waste designation criteria. It 
was assumed that federal and state LDRs would apply to excavated sediment, which would classify 
remediation-derived sediment waste as an F032-listed hazardous waste, and a fraction of the most 
highly contaminated material would likely exceed applicable treatment standards requiring incineration 
prior to disposal. Corresponding volumes and costs for the disposal assumptions based on waste 
characterization data are presented in the detailed FS cost estimates, Appendix Q.  

The estimated cost of Alternative S5a is $7,460,000 (Appendix Q Table Q-14). The estimated cost 
of Alternative S5b is $12,180,000 (Appendix Q Table Q-15). 

9.5.3.6. COMPATIBILITY WITH OTHER REMEDIES 
Remedies for two adjacent cleanup sites overlap with the Haley Site. The Whatcom Waterway MNR 
area overlaps with the Haley Site MNR area, but creates no conflicts with implementation of either 
project. The proposed Cornwall Landfill sediment cap also overlaps with the Haley sediment remedy. 
The Haley capping alternative (S1) or various removal and capping alternatives (S2 through S5) can 
be designed and constructed to be compatible with the adjacent Cornwall Landfill remedy; however, 
coordination during design and construction would be required to ensure that the constructed 
cleanup action meets the cleanup action objectives of both Sites in the overlap area. If the southern 
intertidal boundary of SMS exceedances associated with the Haley Site extends further south than 
depicted in Figures 9-14 through 9-23, the Haley sediment remedy would need to take precedence 
in the Haley-Cornwall area of overlap due to the differences in required cap function.  

All Haley sediment alternatives would be compatible with Haley upland alternatives, with the possible 
exception of upland Alternative U4 (total removal and backfill). This upland remedy does not have a 
component to reduce stormwater infiltration and subsequent groundwater flow from the upland to 
marine units. As a result, some sediment alternatives would potentially need to be modified to 
enhance the chemical containment function of nearshore caps. In addition, it may not be possible 
to manage excavated sediment within the upland AOC under upland Alternative U4 and therefore 
off-site disposal of excavated sediment would increase the cost of the sediment remedy. Timing of 
construction for the upland alternative and any sediment alternative would need to be coordinated 
for those sediment alternatives that rely on use of the upland AOC. 

9.5.3.7. HABITAT MITIGATION 
Habitat mitigation may be required for some of the alternatives considered in the FS. Current 
regulations define the conditions under which loss of habitat must be compensated for; permits 
implementing those regulations specify the type and amount of mitigation required.  
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Placement of a cap without prior sediment removal would result in alteration of the bottom depth 
and slope. The maximum area affected would be 1.7-acres if the intertidal and shallow subtidal areas 
of the sediment unit were to be capped with no prior sediment removal as in Alternative S1. In 
addition, an eelgrass bed in the southern portion of the Site between elevation 0 and -10 feet 
NAVD88 would be buried by a cap placed at these elevations (Alternatives S1, S2, and S3) or 
removed (Alternative S5). The CWA requires that impacts to aquatic resources and ecological 
functions be avoided, minimized or mitigated (Section 9.2). If the USACE determines through review 
of NWP Section 38 (or 404) permit application that there are unavoidable impacts, then some form 
of compensatory mitigation would be required, which can involve habitat enhancement, restoration, 
creation, preservation or in lieu fees. The need for mitigation would be determined once the design 
of a remedy for the Haley Site is approved by Ecology; both impacts and benefits associated with the 
remedy would be weighed in the development of any mitigation elements, should they be necessary.  

Potential impacts associated with implementation of a sediment remedy may be offset by the 
benefits associated with various elements of the sediment remedies. All alternatives evaluated in 
the FS would provide clean substrate that would improve habitat for benthic and demersal species 
that live in or migrate through Bellingham Bay. Remedies implemented in the intertidal zone would 
provide features that enhance the transition between riparian and nearshore habitats that are 
currently absent or degraded. Remnant pilings in the intertidal area would be removed or cut off 
below surface grades. Final surface substrates and slopes of the constructed remedy could be 
designed to provide specific habitat functions that support the overall restoration goals for 
Bellingham Bay.  

Assumptions for habitat mitigation were included in the FS cost estimates, based on the area of 
potentially converted habitat, without consideration of habitat improvements that may reduce 
mitigation requirements.  

9.6. Evaluation of Cleanup Action Alternatives 

This section presents the evaluation of each of the cleanup alternatives with respect to threshold 
and other requirements for cleanup actions set forth in MTCA and in SMS. This section is organized 
as follows: 

Section 9.6.1 Upland Cleanup Alternatives Evaluation Criteria: The MTCA evaluation 
criteria by which the upland alternatives are evaluated are described in Sections 9.6.1.1 
(threshold requirements) and 9.6.1.2 (other requirements). Section 9.6.1.3 explains the 
specific evaluation criteria used in the DCA and the general DCA process for cleanup 
alternatives. 

Section 9.6.2 Upland Alternatives Evaluation: Each upland cleanup action alternative is 
evaluated with respect to the MTCA criteria. The comparative evaluation, whereby the upland 
alternatives are compared relative to one another for each evaluation criteria, is summarized 
in Table 9-13.  

Section 9.6.3 Upland Alternatives DCA: This section presents results of the DCA for the 
upland cleanup alternatives. Table 9-15 summarizes the DCA scoring and ranking for the 
upland alternatives and Figure 9-24 illustrates the Upland DCA in graphical format.  
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Section 9.6.4 Upland Preferred Alternative: The preferred alternative for the upland unit, 
based on the results of the DCA, is identified. 

Section 9.6.5 Sediment Cleanup Alternatives Evaluation Criteria. This section describes 
the SMS evaluation criteria by which the sediment alternatives are evaluated. 

Section 9.6.6 Sediment Alternatives Evaluation: Each sediment cleanup action alternative 
is evaluated with respect to the SMS criteria. The comparative evaluation of the sediment 
alternatives is summarized in Table 9-14.  

Section 9.6.7 Sediment Alternatives DCA: This section presents results of the DCA for the 
sediment cleanup alternatives. Table 9-16 summarizes the DCA scoring and ranking for the 
sediment alternatives and Figure 9-25 illustrates the Sediment DCA in graphical format. 

Section 9.6.8 Sediment Preferred Alternative: The preferred alternative for the sediment 
unit, based on the results of the DCA is identified. 

9.6.1. Upland Cleanup Alternatives Evaluation Criteria 

This section describes the threshold requirements for cleanup actions under MTCA and additional 
criteria used to evaluate the cleanup action alternatives; evaluation of the alternatives relative to 
these criteria is presented in Sections 9.6.2 and 9.6.3 for the upland cleanup alternatives and 
Sections 9.6.6 and 9.6.7 for the sediment cleanup alternatives.  

9.6.1.1. MTCA THRESHOLD REQUIREMENTS 
Cleanup actions performed under MTCA must comply with several basic requirements, termed 
“threshold requirements.” Cleanup action alternatives that do not comply with these criteria are not 
considered suitable cleanup actions under MTCA. As provided in WAC 173-340-360(2)(a), the four 
threshold requirements that cleanup actions must meet are: 

■ Protect human health and the environment. The completed cleanup action MTCA must ensure 
that both human health and the environment are protected. 

■ Comply with cleanup standards. Compliance with cleanup standards requires, in part, that 
cleanup levels are met at the applicable points of compliance. Where a cleanup action involves 
containment of soil with hazardous substance concentrations exceeding cleanup levels at the 
point of compliance, the cleanup action may be determined to comply with cleanup standards, 
provided the requirements specified in WAC 173-340-740(6)(f) are met. 

■ Comply with applicable state and federal laws. The term “applicable state and federal laws” 
includes legally applicable requirements and those requirements that Ecology determines to be 
relevant and appropriate as described in WAC 173-340-710. 

■ Provide compliance monitoring. Compliance monitoring for a cleanup action includes the 
following elements:  

 Protection monitoring confirms that human health and the environment are adequately 
protected during the cleanup action.  

 Performance monitoring confirms that the cleanup levels have been achieved. 
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 Confirmation monitoring confirms the long-term effectiveness of the cleanup action once 
cleanup levels and other performance standards have been reached. 

9.6.1.2. OTHER MTCA REQUIREMENTS 
Under MTCA, when selecting from the alternatives that meet the minimum requirements described 
in Section 9.6.1.1, the alternatives shall be further evaluated against the following additional criteria 
(WAC 173-340-360[2][b]): 

■ Use permanent solutions to the maximum extent practicable. MTCA specifies that the 
permanence of qualifying alternatives be evaluated by balancing the costs and benefits of each 
of the alternatives using a “disproportionate cost analysis” in accordance with WAC 173-340-
360(3)(e). The criteria for conducting this analysis are described in Section 9.6.1.3. 

■ Provide a reasonable restoration time frame. MTCA requires that several factors be considered 
when evaluating whether a remedial alternative provides a reasonable restoration time frame 
(WAC 173-340-360[4]). Collectively, these factors characterize how an alternative is anticipated to 
perform over the long term, particularly for alternatives that leave hazardous substances in-place 
at concentrations greater than cleanup levels. The practicability of achieving a shorter restoration 
time frame is also considered. 

■ Consideration of public concerns. Ecology will seek public comments during the RI/FS process 
prior to making a preliminary selection of a preferred remedial alternative. This preliminary 
selection is subject to further public review and comment when the proposed remedy is 
published in the draft CAP. 

9.6.1.3. DISPROPORTIONATE COST ANALYSIS EVALUATION CRITERIA 
The DCA process uses a qualitative evaluation of benefits and a quantitative evaluation of costs. 
Environmental benefits for upland cleanup alternatives are evaluated based on the six criteria in 
WAC 173-340-360(3)(f): protectiveness, permanence, long-term effectiveness, technical and 
administrative implementability and consideration of public concerns. Descriptions for each criterion 
are provided in Table 9-13 (Upland Alternatives) and Table 9-14 (Sediment Alternatives). To evaluate 
long-term effectiveness, MTCA identifies a hierarchy of cleanup technologies used as a guide. For 
upland remedies, the following types of cleanup action components, in descending order, are used 
as a guide in assessing the relative degree of long-term effectiveness: 

■ Reuse or recycling;  

■ Destruction or detoxification;  

■ Immobilization or solidification;  

■ On-site or off-site disposal in an engineered, lined and monitored facility; 

■ On-site isolation or containment with attendant engineering controls; and  

■ Institutional controls and monitoring. 

The DCA process is also applicable for in-water cleanup actions. The evaluation criteria under SMS 
WAC 173-204-570(4) are identical to the MTCA evaluation criteria for protectiveness, permanence, 
management of short-term risks, technical and administrative implementability and consideration of 
public concerns (Table 9-14). The evaluation criterion for long-term effectiveness of sediment 
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remedies under SMS uses a different hierarchy of cleanup technologies. For sediment remedies, the 
following remedial technologies, in descending order, are used as a guide for assessing the relative 
degree of long-term effectiveness for sediment cleanup alternatives:  

■ Source control (e.g., cleanup of upland facilities, regulation of wastewater discharges, 
implementation of stormwater pretreatment requirements, removal of creosoted pilings) in 
combination with other cleanup technologies; 

■ Beneficial reuse of sediment; 

■ Treatment to immobilize, destroy or detoxify contaminants; 

■ Dredging and disposal in an upland engineered facility; 

■ Dredging and disposal in a nearshore, in-water confined aquatic disposal facility; 

■ Containment in-place with an engineered cap; 

■ Dredging and disposal in an approved unconfined open-water disposal site; 

■ Enhanced natural recovery; 

■ Monitored natural recovery in areas of relatively low levels of contamination with sufficient rate 
of clean sedimentation; and 

■ Institutional controls (e.g., site use restrictions, no-anchor zones, environmental covenants, etc.) 
and monitoring. 

The DCA is used to compare the relative benefit and cost of the cleanup alternatives and select a 
remedy based on the most permanent, practicable remedy following the procedures identified in 
WAC 173-340-360: 

Benefits: The benefits of an alternative were evaluated based on the six MTCA DCA criteria. For each 
criterion, an alternative was scored on a scale 1 to 10 scale based on the degree to which the 
alternative satisfies the full description for an individual criterion: a score of 1 indicates the 
alternative is considered to satisfy the elements of the criterion to a very low degree and a score of 
10 indicates the alternative is considered to satisfy the elements of the criterion to a very high 
degree. For each alternative, the individual criterion scores were then weighted according the 
corresponding weighting factors that Ecology has identified for use in numerous feasibility studies, 
as follows: 

DCA CRITERIA WEIGHTING FACTORS 

DCA Criteria 
Weighting 
Factor (%) 

Protectiveness 30 

Permanence 20 

Long-term effectiveness 20 

Management of short-term risks 10 

Technical and administrative implementability 10 

Consideration of public concerns 10 
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The weighted benefit scores for each alternative were summed to a total weighted benefit score for 
each alternative.  

Costs: Detailed FS-level cost estimates were prepared for each alternative (Appendix Q). For all 
alternatives, cost estimates are in 2014 dollars, include contingencies, and represent 
order-of-magnitude with a range of -30 percent to +50 percent based on EPA guidance (EPA 2000a). 
The estimated total costs for the upland alternatives are included in Table 9-15 and for the sediment 
alternatives in Table 9-16. The alternative costs address remediation of the entire Haley Site, without 
consideration of cleanup actions planned for the Cornwall Landfill Site in overlapping areas. This 
approach for FS cost estimating results in a more accurate estimate of the full cleanup action cost 
for the alternatives evaluated for the Haley Site. The overall cost of the remedy will be reduced for 
both sites, once designs are coordinated. The outcome of the upland DCA does not change if costs 
are shared.  

The MTCA DCA analysis uses a relative benefit/cost ratio to compare the alternatives and determine 
whether costs are disproportionate to benefits. The relative benefit/cost ratio was calculated by 
dividing the total weighted benefit score by the total cost for that alternative. To facilitate graphical 
presentation of the relative benefit/cost (Figures 9-24 and 9-25), the total cost of each alternative 
was divided by $5,000,000. The resulting relative benefit/cost ratio was plotted. Under MTCA, “costs 
are disproportionate to benefits if the incremental costs of the alternative over that of a lower cost 
alternative exceed the incremental degree of benefits achieved by the alternative over that of lower 
cost alternative” (WAC 173-340-360[3][e][i]). Graphically, this concept is illustrated by the 
alternative which has the maximum relative benefit-cost ratio.  

Under MTCA, preference is given to cleanup actions that use permanent solutions to the maximum 
extent practicable. The DCA is used to determine whether a cleanup action uses permanent solutions 
to the maximum extent practicable. By definition (WAC 173-340-200), permanent remedies are those 
that would require no additional action to meet cleanup standards following implementation. 
A practicable cleanup action is one that can be designed, constructed and implemented in a reliable, 
cost-effective manner. A cleanup action is not considered practicable if the incremental costs are 
disproportionate to the benefits when compared to lower cost alternatives; this determination is 
illustrated by the relative benefit/cost ratio. Alternatives are compared from least cost to highest cost; 
alternatives having additional incremental benefits that are disproportionate to the incremental 
additional cost, produce lower relative benefit/cost ratios. 

9.6.2. Upland Alternatives Evaluation 

This section presents the upland alternatives evaluation relative to the MTCA criteria identified in 
Section 9.6.1. The alternatives were compared relative to one another for each evaluation criteria 
as summarized in Table 9-13.  

9.6.2.1. THRESHOLD REQUIREMENTS 
All of the upland alternatives meet the threshold requirements of MTCA, which include protection of 
human health and the environment, compliance with cleanup standards and ARARs, and compliance 
monitoring provisions. The alternatives use a combination of treatment, removal and containment 
technologies to prevent human and ecological exposures to Site contaminants. Each alternative also 
includes compliance monitoring to evaluate the effectiveness of the remedy. Institutional controls are 
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used to protect the integrity of the remedy for those alternatives that include a containment 
component. Collectively, these actions will prevent exposures in the upland and address contaminant 
migration from the upland to marine units. 

Alternative U1 would rely on LNAPL removal and incineration, and an upland low-permeability cap 
and vertical shoreline barrier to prevent direct contact with upland contaminants and significantly 
reduce contaminant leaching and transport in groundwater. Institutional controls would be used to 
assure the long-term integrity of the containment features, and provide for O&M of the LNAPL 
removal system. 

Upland Alternatives U2, U3a, U3b and U3c would be protective of human health and the environment 
to a progressively increasing degree. Each of these alternatives would prevent direct contact 
exposures using the same low-permeability cap as in Alternative U1. The addition of groundwater 
treatment and/or soil treatment technologies, however, would provide a greater degree of source 
control by reducing contaminant leaching and migration in groundwater. These treatment 
technologies include use of a PRB in Alternative U2, and in situ solidification and/or stabilization in 
Alternatives U3a through U3c. Alternative U3c includes the additional benefit of removing soil and 
potentially mobile LNAPL from near the shoreline, followed by backfilling with clean soil. Alternative 
U4 would provide the greatest level of protection of human health and the environment by removing 
all contaminated soil and LNAPL at the Site and transporting the material off-site for treatment 
and/or disposal.  

Alternative U4 is the only alternative that would leave no contaminated media in the upland at 
concentrations exceeding cleanup levels at the standard point of compliance. The other alternatives 
result in contamination remaining on Site. Potential risks associated with the residual contaminated 
media would be managed by engineering controls that are components of these remedies 
(e.g., upland cap), and institutional controls that would ensure the integrity of these controls and 
provide for long-term monitoring. City ownership and use of the Site as a public park will provide 
further assurances that these controls will remain in place and effective over the long term.  

All upland alternatives include source control components to significantly reduce contaminant 
migration in groundwater, thereby allowing design of a successful sediment remedy. Excluding 
Alternative U4, upland alternatives are not likely to attain groundwater cleanup levels at the standard 
point of compliance. The cumulative effect of the upland and sediment remedies ultimately selected 
for the Site, however, will comply with cleanup levels at the conditional point of compliance, as 
defined in WAC 173-340-720(8)(d)(i). The Haley Site satisfies the conditions for use of a conditional 
point of compliance as described in Section 9.2.3.2. 

9.6.2.2. REQUIREMENT FOR REASONABLE RESTORATION TIME FRAME  
All of the upland cleanup action alternatives are expected to achieve CAOs within a reasonable time 
frame. The time frame required to achieve CAOs was evaluated in accordance with the factors 
outlined in MTCA (WAC 173-340-360[4]). As described in Section 9.6.2.1, most of the upland 
alternatives include containment of contaminated media. The contaminated media can be 
effectively contained using engineering controls that have been proven reliable at a multitude of 
cleanup sites. These alternatives would be particularly compatible for the planned end use of the 
Site as a City park. Long-term ownership, use and maintenance of the Site as a park provides a 
favorable land use scenario that would prevent Site activities that otherwise could potentially 
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jeopardize the integrity of the alternatives being considered. Park maintenance activities also could 
be effectively integrated with future cap monitoring and maintenance obligations. 

The restoration time frame for each upland alternative includes the estimated duration to design, 
permit and construct the cleanup action components. For Alternatives U1 and U2, the restoration 
time frame is estimated to be 2 to 3 years to construct the cleanup action and achieve protection; 
contaminant reduction through operation of the LNAPL recovery system would continue for up to 
10 years. For the remaining upland alternatives that do not rely on treatment system operations, the 
restoration time frame includes the time to complete the initial construction of the cleanup action, 
varying from 2 to 3 years for Alternatives U3a and U4, to 3 to 4 years for Alternatives U3b and U3c. 
For all of the upland alternatives, cleanup standards would be achieved immediately following 
construction of the cleanup action as a result of construction of the upland cap and/or removal of 
the contaminated media from the Site. The upland alternatives are considered to have similar and 
reasonable restoration time frames.  

9.6.2.3. REQUIREMENT FOR PERMANENT SOLUTIONS TO THE MAXIMUM EXTENT PRACTICABLE 
MTCA requires that cleanup actions be permanent to the maximum extent practicable. To determine 
which alternatives are permanent to the maximum extent practicable, MTCA specifies that a DCA be 
used that compares costs and relative benefits of the alternatives (Section 9.6.3).  

9.6.3. Upland Alternatives DCA 

The DCA criterion and scoring for each upland alternative are presented in Table 9-15; the following 
sections discuss the rationale for the benefit scores determined for the upland alternatives.  

9.6.3.1. PROTECTIVENESS 
All of the upland alternatives would protect human health and the environment through a 
combination of in situ treatment, off-site treatment, containment and/or off-site disposal 
technologies. Reduction of risk associated with upland contaminants would be achieved within a 
relatively short time frame, with manageable short-term risks associated with construction of the 
alternatives. 

Alternative U4 is considered the most protective upland alternative (score 9 out of 10) as a result of 
complete removal of upland contaminated soil and LNAPL from the Site. A significant amount of 
contaminant mass would be destroyed by incineration under Alternative U4, but the high reliance on 
landfill disposal and risks associated with off-site transport of contaminated soil slightly reduces the 
overall protectiveness of this alternative. Alternatives U3c, U3b, U3a, U2 and U1 have progressively 
lower levels of overall protectiveness relative to Alternative U4 because of corresponding decreases 
in the amount of removal and off-site treatment and disposal, and decreasing levels of on-site 
treatment. Alternative U1 was given the lowest score (4 out of 10) for protectiveness because it relies 
the most on containment technologies.  

9.6.3.2. PERMANENCE 
The upland alternatives were evaluated with respect to the degree to which the toxicity, mobility, or 
volume of hazardous substances would be reduced. The permanence score for each alternative was 
primarily based on the alternative’s reliance on technologies that reduce toxicity, mobility or volume 
and result in the greatest level of irreversibility. All of the upland alternatives would result in an overall 
reduction of toxicity, mobility or volume.  
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Alternative U4 would achieve the highest degree of permanence of all upland alternatives as a result 
of removing all contaminated soil and LNAPL from the Site, and destroying substantial contaminant 
mass by incineration. These actions significantly reduce the toxicity, mobility and volume of 
hazardous substances at the Site. A permanence score of 9 out of 10 was assigned to Alternative 
U4; a less than a perfect 10 score was because under state and federal hazardous waste 
regulations, not all contaminated soil is required to be treated before landfill disposal.  

Alternatives U3a, U3b, and U3c were given moderate to moderately high scores for permanence as 
a result of the use of in situ treatment methods that would significantly reduce the mobility of 
contaminants, preventing upland contaminants from being transported to the marine unit. The 
application of in situ solidification in the upland area with the highest concentrations of contaminants 
and the highest potential for migration earned Alternative U3a a score of 6 out of 10 for permanence. 
The larger footprint of in situ solidification and stabilization included in Alternative U3b warranted a 
slightly higher score (7 out of 10) relative to U3a. However, because the area of expanded 
stabilization in Alternative U3b has lower contaminant concentrations and limited LNAPL mobility, 
U3b offers less net benefit per unit area of treatment resulting in a nominal (1 point) benefit of U3b 
over U3a. Alternative U3c achieved a higher score (8 out of 10) relative to U3b due to the removal of 
soil and LNAPL near the shoreline.  

Alternative U1 was given the lowest score for permanence (3 out of 10) because of its heavy reliance 
on physical containment technologies (capping and vertical shoreline barrier). These technologies 
do, however, reduce contaminant mobility; furthermore, toxic contaminants are destroyed through 
off-site incineration of recovered LNAPL. Alternative U2 scores slightly higher (4 out of 10) than U1 
for permanence because the PRB would be expected to further reduce contaminant mobility and 
prevent releases to the marine environment to a greater degree than the vertical shoreline barrier. 

9.6.3.3. LONG-TERM EFFECTIVENESS 
The upland alternatives were evaluated for long-term effectiveness primarily based on the certainty 
that the technologies will achieve the CAOs, the reliability of the alternatives during the period when 
contamination will remain at concentrations exceeding cleanup levels, and the degree to which the 
alternatives use technologies that MTCA ranks higher for long-term effectiveness (Section 9.6.1.3). 

Alternative U4 achieved the highest score for long-term effectiveness because of the certainty of 
achieving the CAOs, and the high ranking that MTCA provides for alternatives that include 
contaminant destruction technologies (e.g., incineration for a significant quantity of soil removed 
under Alternative U4). Alternatives U3a, U3b, and U3c earned scores ranging from moderately high 
(7 out of 10 for U3a) to high (9 out of 10 for U3c) because of the increasing use of in situ solidification 
and stabilization technologies, and soil removal in the case of U3c, and the corresponding relative 
preferences for these technologies. The in situ soil treatment technologies used in these alternatives 
rank high under MTCA, directly behind contaminant destruction. Alternatives U3a and U3b would 
immobilize progressively more contaminant mass, including the area near the shoreline where 
LNAPL is potentially mobile. Alternative U3c provides a greater certainty of success by removing the 
contaminated soil and LNAPL nearest to the marine unit, and backfilling the removal area with 
imported clean fill. 

Alternatives U1 and U2 would primarily utilize containment (capping) and less aggressive treatment 
methods to achieve CAOs, although both provide for destruction of contaminants through 
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incineration of recovered LNAPL. Alternative U2 scored higher than Alternative U1 because of the 
use of groundwater treatment through the PRB. The long-term effectiveness score for U2 (4 out 
of 10) was moderated based on the possible need to replenish the absorptive media. Alternatives 
U1 and U2 scored lower (3 out of 10 for Alternative U1 and 4 out of 10 for Alternative U2) relative to 
the other alternatives that utilize more preferable treatment technologies that immobilize or destroy 
contaminants. 

9.6.3.4. MANAGEMENT OF SHORT-TERM RISKS 
The upland alternatives were evaluated with respect to potential risks to human health and the 
environment associated with materials and methods used during construction of the alternatives. 
Generally, alternatives that would involve limited exposure to, and management of, contaminated 
materials by workers or the public during the cleanup scored high for management of short-term risk, 
and alternatives that would generate the potential for workers to be exposed to contaminants, utilize 
construction methods that would increase risk, or result in mobilization of contaminants to other 
media scored lower for management of short-term risk. 

Alternative U1, involving primarily containment technologies with less relative potential exposure risk 
during construction, scored high (9 out of 10) relative to other upland alternatives. Alternatives U2, 
U3a, and U3b achieved moderate to moderately high scores (7 out of 10 for U2 and U3a, and 6 out 
of 10 for U3b) due to the use of construction methods that could generate the potential for exposure 
to contaminated soil (i.e., PRB installation and in situ treatment). However, it is expected that 
standard environmental remediation construction methods and safety practices would mitigate 
these potential risks. Alternative U3c had a lower score (5 out of 10) for management of short-term 
risks based on risks posed by removal of upland soil containing the highest contaminant 
concentrations and LNAPL, and the need to handle the material on site to consolidate it within the 
upland AOC. This added component of U3c, relative to U3b, could potentially generate additional on-
site risks to remediation construction workers. 

Alternative U4 had the lowest score for the management of short-term risks (3 out of 10) due to the 
extensive soil removal that would be required for this alternative, and the degree to which the 
alternative would rely on off-site transport of contaminated soil, including LNAPL-impacted soil, to an 
off-site facility by trucking. This magnitude of transport increases the risk for potential off-site 
releases of contaminated media relative to other alternatives.  

9.6.3.5. TECHNICAL AND ADMINISTRATIVE IMPLEMENTABILITY 
All of the upland alternatives are expected to be technically implementable using common and 
readily available construction materials and methods. Administrative implementability 
considerations include permitting, and compliance with EPA’s and Ecology’s AOC policies and 
guidance for managing excavated soil within the AOC (Alternative U3c).  

Alternatives U1 and U3a scored moderately high (8 out of 10) for implementability due to the 
expected ease of installation of the upland cap and the limited footprints of the vertical shoreline 
barrier for Alternative U1 and in situ solidification for Alternative U3a. These alternatives did not 
warrant the highest score of 10 because of the potential for difficulties associated with installation 
of the vertical shoreline barrier in Alternative U1 and the need for treatability testing to design the 
solidification process of Alternative U3a. Alternatives U3b and U3c had progressively lower scores 
(7 for U3b, and 6 for U3c) for implementability as a result of the significantly increased treatment 
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footprint (Alternatives U3b and U3c) and inclusion of soil removal near the shoreline and AOC 
considerations (Alternative U3c). 

Alternative U2 achieved only a moderate (6 out of 10) score for implementability, primarily due to 
the anticipated testing and construction issues associated with installation of the PRB and the 
potential need to replace or amend organoclay in the PRB.  

Alternative U4 scored the lowest for implementability of the upland alternatives, although it still 
achieved a moderate score of 5 out of 10. This alternative, relative to the other upland alternatives, 
would rely primarily on removal of contaminated soil, including LNAPL-impacted soil adjacent to the 
shoreline that would require implementing significant site controls to effectively complete cleanup 
construction. 

9.6.3.6. CONSIDERATION OF PUBLIC CONCERNS 
Public concerns are typically widely divergent on environmental cleanup projects; stakeholders 
including agencies, environmental groups, businesses, citizens, tribal members and the City have 
different mandates, responsibilities and opinions. Best professional judgment and past experience 
on similar projects formed the basis of the evaluation of the alternatives relative to public 
acceptance. In general, it was assumed that there would be greater acceptance of alternatives that 
treat or remove contaminants, rather than contain them. However, alternatives with extraordinarily 
high costs would also be expected to have some public disapproval since the cleanup action requires 
public funds.  

Alternative U1 has the lowest score (3 out of 10) for consideration of public concerns due to its heavy 
reliance on containment without in situ treatment or soil removal. Alternative U2 scores higher (4 out 
of 10) than Alternative U1 as a result the inclusion of groundwater treatment to protect marine 
sediment and surface water. Alternatives U3a, U3b, and U3c scored moderate to moderately high as 
a result of the use of in situ treatment of contaminated soil, progressively increasing with respect to 
the scale of solidification and stabilization and inclusion of soil removal in Alternative U3c. Alternative 
U4 scored high (9 out of 10) for consideration of public concerns due to the complete removal of 
contaminated media from the Site, and achieving a cleanup without the need for institutional 
controls; the score was moderated because of the high cost. 

9.6.4. Upland Preferred Alternative 

The individual DCA criterion benefit scores (Section 9.6.3 and Table 9-13), weighting factors, 
weighted scores and total weighted benefit score for each of the upland alternatives are summarized 
in Table 9-15. The total weighted benefit scores range from 4.4 (Alternative U1) to 8.2 
(Alternative U4). The estimated costs of the alternatives range from $10,090,000 (Alternative U1) to 
$167,600,000 (Alternative U4). The total weighted benefit scores and estimated costs for each of 
the upland alternatives are illustrated graphically in Figure 9-24.  

The relative benefit/cost ratio was calculated for each alternative as explained in Section 9.6.1.3. 
The quantified ratio of relative benefit/cost increases progressively from Alternative U1 (ratio of 
2.18), to U2 (ratio of 2.24), to U3a (ratio of 3.12) (Figure 9-24). The relative benefit/cost ratios 
decrease for the remaining alternatives U3b (ratio of 1.66), U3c (ratio of 1.52) and U4 (ratio of 0.24) 
driven by the high relative cost of in situ solidification and stabilization technologies in the expanded 
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footprints of U3b and U3c (relative to U3a), and the very high cost of a large quantity of soil requiring 
off-site incineration at a hazardous waste facility (U4) (Figure 9-24). 

The highest degree of benefit/cost is provided by Alternative U3a. Upland Alternatives U3b, U3c and 
U4 would provide greater benefits than U3a; however, the relative benefit to cost ratio for these 
alternatives is lower than that of U3a indicating that their associated incremental additional costs 
are disproportionately high relative to the incremental added benefit. Therefore, Alternatives U3b, 
U3c and U4 are considered disproportionately costly and not practicable. The costs of upland 
Alternatives U1 and U2 are both lower than the cost of Alternative U3a; however, Alternative U3a has 
a higher total weighted benefit and higher relative benefit/cost ratio compared to Alternatives U1 
and U2 and therefore the additional incremental cost of U3a relative to U1 and U2 is not considered 
disproportionate relative to the added benefits provided by U3a. Therefore, based on the DCA, 
Alternative U3a is the most permanent, practicable alternative and is identified as the preferred 
upland alternative for the Haley Site.  

9.6.5. Sediment Cleanup Alternatives Evaluation Criteria 

This section presents a description of the threshold requirements for cleanup actions under SMS and 
additional criteria used to evaluate the sediment cleanup action alternatives. Evaluation criteria under 
MTCA and SMS are similar in intent; however, the structure and terminology differ slightly as explained 
below. 

9.6.5.1. SMS EVALUATION CRITERIA 
The cleanup action alternatives for sediment are evaluated based on requirements in SMS 
(WAC 173-204-570[3]). The SMS evaluation criteria, although structured somewhat differently than 
MTCA, are similar to and intended to be compatible with MTCA.  

SMS requires evaluation of sediment cleanup alternatives relative to improvement in overall 
environmental quality, known as net environmental benefit, and for adverse environmental impacts. 
Net environmental benefit includes restoration of water quality, sediment quality, habitat and 
fisheries and public access and recreation aesthetics. Environmental impacts to be considered 
include construction-related water and sediment quality degradation, habitat value or acreage lost, 
and land use or access restrictions. The evaluation of alternatives for net environmental benefit and 
for adverse environmental impacts is addressed through the SMS evaluation criteria described 
below.  

Each alternative must meet the following minimum criteria:  

■ Protect human health and the environment. 

■ Comply with ARARs. 

■ Comply with sediment cleanup standards. 

■ Implement effective source controls, where needed. 

■ Meet the requirements for implementation of a sediment recovery zone, if cleanup standards 
cannot be achieved within 10 years. 

■ Use institutional controls that limit exposure and ensure the integrity of the cleanup action. 
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■ Provide opportunity for public review. 

■ Include long-term monitoring to ensure remedy effectiveness. 

■ Provide periodic review of remedy effectiveness where containment, enhanced or natural 
recovery, institutional controls, sediment cleanup levels based on practical quantitation limits or 
sediment recovery zones are elements of a cleanup action. 

The alternatives are also evaluated relative to the following: 

■ Use of permanent solutions, to the maximum extent practicable. The permanence of the cleanup 
action is established based on the DCA. 

■ Provision of a reasonable restoration time frame. The reasonable restoration time frame is 
evaluated considering the following: 

 Length of time it will take to achieve site-specific cleanup standards; 

 Potential risks posed by the site or cleanup units to people and ecological resources; 

 Practicability of achieving the cleanup standards in less than 10 years; 

 Current and potential future use of the site (or cleanup units), surrounding areas and 
associated resources that may be adversely affected by residual contamination; 

 State aquatic land-use classification of the site (or units); 

 Likely effectiveness of source control measures to reduce the time to achieve site-
specific cleanup standards; 

 Likely effectiveness and reliability of institutional controls; 

 Degree of, and ability to control and monitor migration of residual contamination; and 

 Degree that natural recovery is expected to reduce contamination. 

The DCA evaluation criteria and evaluation process for the sediment alternatives are explained in 
Section 9.6.1.3.  

9.6.6. Sediment Alternatives Evaluation 

This section presents the sediment alternatives evaluation relative to the SMS criteria identified in 
Section 9.6.5. Table 9-14 summarizes and compares the alternatives evaluation.  

9.6.6.1. MINIMUM REQUIREMENTS 
Sediment alternatives developed for the Site meet the minimum requirements for protection of 
human health and the environment, compliance with applicable regulations and cleanup standards, 
use of effective source control measures and institutional controls, provision of public review 
opportunities and monitoring and periodic assessment of long-term remedy effectiveness 
(Table 9-14).  

Each alternative proposes a combination of technologies (capping, removal with on-site 
consolidation or off-site treatment/disposal) that would prevent people and ecological receptors 
from being exposed to contamination in the sediment and prevent further uncontrolled releases 
(e.g., erosion, resuspension and subsequent transport) to the environment. For those areas of the 
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Site with moderate to low level exceedances of cleanup levels, ENR and MNR are used in each of 
the cleanup alternatives to achieve risk reduction in a reasonable time frame (Section 9.5). 

To be protective of human health and the environment, Alternative S1 would use capping 
technologies to provide for the physical and chemical isolation of contaminated sediment in intertidal 
and shallow subtidal areas (including enhanced chemical isolation in the upper intertidal area 
through use of cap amendments) to prevent exposure to underlying contaminated sediment.  

Alternatives S2 and S4 would provide greater certainty in reducing risks because sediment with the 
highest contaminant concentrations (smear zone) would be removed from the upper intertidal areas 
and remaining underlying contaminated sediment would be confined with an amended cap that 
would enhance chemical isolation. A conventional cap would be used in the remaining portions of 
the SMS exceedance area, thereby preventing benthic exposures.  

Alternative S3 would provide a higher level of certainty by removing all highly contaminated sediment 
in the smear zone and placing a conventional sand cap over this zone and the remainder of the SMS 
exceedance area to reduce risks.  

Alternatives S5a and S5b provide the most extensive removal of contaminated sediment and 
greatest certainty in long-term risk reduction. Any possibility of future contact with, or transport of, 
contaminants in the marine environment from underlying contaminated sediment is significantly 
limited under Alternatives S5a and S5b. 

Sediment removed from the marine unit would either be consolidated in the upland AOC beneath 
the upland cap or transported off-site to a permitted facility for treatment/disposal; some sediment 
transported off-site requires treatment by incineration prior to disposal. In all cases, management of 
sediment would permanently reduce risks associated with potential exposure of people and 
ecological receptors and any threat of release. 

Implementation of the retained technologies (Section 9.5) would achieve the CAOs identified for the 
Haley Site and meet cleanup standards. Conducting the cleanup under MTCA and SMS regulations 
and associated permits would ensure that all applicable and relevant state and federal regulations, 
as identified in Section 9.2, would also be met. 

Each alternative would include source control measures and institutional controls that have been 
shown to be effective at other sediment cleanup sites in Puget Sound. City ownership and future 
development as a public park would help ensure that the measures and controls are complied with, 
and maintained, over time. 

It is assumed that all alternatives would include long-term monitoring to document the 
protectiveness of the remedy over time. Monitoring would likely include physical (e.g., cap thickness, 
bathymetry), chemical (e.g., surface sediment chemistry) and biological (e.g., toxicity testing) 
elements; the actual monitoring program would be defined in the CAP.  

MTCA and SMS both require public review of the RI/FS and CAP; these reviews will be conducted for 
the Haley cleanup project. In addition, the CAP would include requirements for periodic reviews of 

Page 9-52 | February 1, 2016 | GeoEngineers, Inc. 
File No. 0356-114-06 



FINAL REMEDIAL INVESTIGATION/FEASIBILITY STUDY, VOLUME II: FS REPORT, R.G. HALEY SITE  Bellingham, Washington 

the remedy performance over time and the process to maintain, modify or repair the remedy, as 
needed.  

9.6.6.2. REQUIREMENT FOR REASONABLE RESTORATION TIME FRAME  
All sediment remedies would achieve the CAOs within a reasonable time frame (Table 9-14). Cleanup 
standards would be achieved immediately following construction in the actively remediated area. 
Design and construction is likely to take two years excluding permitting time; the duration of the 
permitting process depends on many factors and cannot be estimated at this point in time. Once 
constructed, biological communities, specifically benthic invertebrates, will likely re-establish within 
three years in areas where removal or capping are performed. Restoration of eelgrass beds, where 
disturbed, may require a longer time frame.  

Subtidal areas of Bellingham Bay receive an influx of clean sediment from the Nooksack River. 
Sedimentation rates are sufficient to support reaching the cleanup standards within 10 years in 
subtidal areas of the Site with low levels of contamination where MNR will be proposed. Where ENR 
is applied in subtidal areas with moderate levels of contamination, standards will likely initially be 
met because the amount of clean sand placed will be greater than 12 cm, which is the point of 
compliance for sediment. The ENR layer may function as a cap or may mix with underlying 
contaminated sediment but still result in recovery within 10 years due to ongoing natural deposition 
of cleaner sediment in ENR areas over time. The boundaries of the ENR and MNR areas will be 
established based on consideration of additional data, further evaluation of sedimentation rates on 
natural recovery, and interpretation of the effect of active remediation on the SWAC in sediment. 
Actual rates of recovery in ENR and MNR areas would be documented as part of long-term 
monitoring. 

9.6.6.3. REQUIREMENT FOR PERMANENT SOLUTIONS TO THE MAXIMUM EXTENT PRACTICABLE 
SMS requires that cleanup actions be permanent to the maximum extent practicable as identified 
through the DCA (Section 9.6.7). This criterion is met through the following analysis. 

9.6.7. Sediment Alternatives DCA 

The DCA criterion and scoring for each sediment alternative are presented in Table 9-16; the 
following sections discuss the rationale for the benefit scores determined for the sediment 
alternatives. As explained in Section 9.6.1.3, the DCA is used to compare the relative cost and 
benefits of cleanup alternatives and select a remedy based on the most permanent, practicable 
remedy. The DCA evaluation follows the procedures identified in WAC 173-340-360.  

9.6.7.1. PROTECTIVENESS 
All alternatives would protect human health and the environment through a combination of capping 
technologies, sediment removal, ENR, MNR, institutional controls and long-term monitoring (see 
Table 9-14). In addition, habitat quality and functions would be restored by reducing the risk of 
contaminant exposures and replacing the present-day debris-filled substrate with a more suitable 
habitat material. 

Alternatives S5a and S5b were considered the most protective (9 out of 10 and 8 out of 10, 
respectively) because all contaminated sediment would be removed from the marine environment 
to the extent practicable. These alternatives would effectively eliminate long-term risks for people 
and ecological receptors in the intertidal and shallow subtidal zones, and substantially reduce risk 
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in subtidal areas that have relatively low contaminant concentrations (ENR and MNR areas). 
Alternative S5b scores slightly lower than S5a because of the greater short-term risk associated with 
more sediment being transported off-site for disposal in Alternative S5b.  

Alternative S3 is ranked the next most protective (7 out of 10) because all of the smear zone 
sediment would be removed; all other sediment exceeding SMS criteria would be confined with a 
conventional cap, effectively controlling this potential exposure pathway.  

Alternative S4 would also provide a high degree of risk reduction, and therefore protectiveness (6 out 
of 10), through removal of the upper 2 feet of smear zone and other contaminated sediment, including 
the biologically active zone, throughout the SMS benthic toxicity exceedance area. Use of an amended 
cap in nearshore areas would enhance chemical isolation where remaining contaminant 
concentrations are greatest. 

Alternative S2 (5 out of 10) scored lower than Alternatives S3, S4 and S5 because less contaminated 
sediment would be removed from the marine unit, although enhanced chemical isolation in the 
nearshore area would be similar to Alternative S4. 

Alternative S1 scored the lowest for protectiveness (2 out of 10) because no contaminated sediment 
would be removed; rather, it would be confined in place using capping technologies, including use of 
cap amendments to enhance chemical isolation in the upper intertidal area.  

9.6.7.2. PERMANENCE 
All alternatives would reduce the mobility of contaminants through sediment removal and disposal, 
and/or capping. All alternatives except S1 would reduce the volume of contamination in the marine 
environment, albeit by different amounts. Only Alternative S5b would provide permanent reduction 
in contaminant toxicity for the portion of remediation waste incinerated at a permitted facility. 
Accordingly, Alternative S5b scored the highest (9 out of 10) with respect to reduced toxicity, mobility 
and volume because all contamination, to the extent practicable, would be removed from the 
sediment unit and transported to a permitted treatment/disposal facility. Alternative S5a had a 
slightly lower score (8 out of 10) because the most highly contaminated waste would be consolidated 
within the upland portion of the AOC, rather than incinerated off-site or disposed.  

Alternative S3 scored moderately high (7 out of 10) because all smear zone sediment would be 
consolidated within the upland portion of the AOC.  

Alternatives S2 and S4 were assigned moderate scores (5 out of 10 and 6 out of 10, respectively) in 
that they would remove a similar volume of the most contaminated sediment from the smear zone, 
and isolate remaining contamination beneath an amended cap that would enhance adsorption of any 
releases from underlying contamination. Alternative S4 scored slightly higher than Alternative S2 
because more contaminated sediment would be removed from the marine unit, consolidated in the 
upland portion of the AOC. 

Alternative S1 scored the lowest (2 out of 10) because it would not reduce the volume of 
contamination in the marine environment. Contamination would be entirely contained beneath 
conventional and amended sand caps, the latter of which would enhance adsorption of any releases 
from underlying contamination. 
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9.6.7.3. LONG-TERM EFFECTIVENESS 
All alternatives would be effective over time, although some alternatives have greater certainty 
because greater volumes of contamination would be removed from the marine environment. 
Alternatives S5a and S5b have the greatest long-term effectiveness (8 out of 10 and 9 out of 10, 
respectively) because all smear zone and other contaminated sediment in the SMS benthic toxicity 
exceedance area would be removed from the marine environment to the extent practicable. 
Alternative S5b scored slightly higher than S5a because a portion of the contaminated material 
would be incinerated and disposed at an off-site facility. 

Alternative S3 (6 out of 10) scored slightly higher than S4 (5 out of 10) because Alternative S3 would 
remove all smear zone sediment. Alternative S4 would remove a larger overall volume of 
contaminated sediment but would require use of cap amendments to enhance adsorption of any 
potential releases associated with the remainder of the smear zone sediment. Further, 
Alternative S4 avoids impacts to existing eelgrass beds, but would potentially require more intensive 
long-term monitoring to evaluate the performance of ENR.  

Alternatives S1 and S2 received moderately low scores (3 out of 10 and 4 out of 10, respectively) 
because all or almost all contamination would be confined in-place using amended and conventional 
sand caps. 

9.6.7.4. MANAGEMENT OF SHORT-TERM RISKS 
Short-term risks associated with all alternatives can be minimized with various engineering controls, 
sequencing of activities, timing or best management practices that have been established for 
in-water remediation technologies. In addition, management of excavated/dredged sediment within 
the footprint of the AOC also helps mitigate short-term risks. Alternative S1 has the least short-term 
risks (9 out of 10) because no contaminated sediment would be removed or transported; therefore, 
possible short-term releases and off-site migration of contamination would be minimized. 
Disturbance from debris removal and capping is also expected to be minimal.  

Alternative S2 scored moderately high (8 out of 10) because the least volume of contaminated 
sediment would be removed; removal would occur during low tides, reducing the potential for release 
and off-site impacts. 

The remaining alternatives scored incrementally lower according to the corresponding quantities of 
sediment removed from the marine unit. Alternative S4 (6 out of 10) scored lower than Alternative S3 
(7 out of 10) because Alternative S3 has a lower relative quantity of sediment removed. Alternative 
S3 scored higher than Alternatives S5a and S5b (5 out of 10 and 4 out of 10, respectively) because 
Alternatives S5a and S5b have the highest quantities of sediment removed. Alternative S5b scored 
lower than Alternative S5a based on the additional short-term risk associated with transporting a 
larger volume of contaminated sediment to a permitted landfill. 

9.6.7.5. TECHNICAL AND ADMINISTRATIVE IMPLEMENTABILITY 
All alternatives would be implementable; however, some alternatives are anticipated to be more 
complex to implement than others. Technically, all alternatives rely on proven technologies and 
process options and would be implementable. Scores tended to be driven by administrative 
complexity primarily related to permitting, project approvals and the relationship to other cleanup 
actions.  
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All alternatives except Alternative S1 and S5b are dependent on the timing of the upland cleanup 
action because contaminated sediment removed from the marine unit would be consolidated with 
the upland AOC. If the upland and sediment cleanups are out of sequence, an upland transloading 
facility would need to be identified, permitted and developed, which would greatly increase the costs 
and schedule for implementation of Alternatives S2, S3, S4 and S5a. In addition, meeting the 
requirements of EPA’s and Ecology’s AOC policies, would likely add complexity to all alternatives 
except S1 and S5b. Use of amendments and demonstration of their effectiveness in sequestering 
contaminants may add complexity to the project approval process for Alternatives S1, S2, and S4. 
Habitat mitigation may be a component of most remedies; Alternative S4 is the only alternative that 
would not likely require habitat mitigation to address the conversions of bottom and water column 
habitats and/or the loss of eelgrass beds due to capping. 

Alternatives S5a and S5b scored the highest (9 out of 10 and 10 out of 10, respectively) because 
the overall preference for contaminant removal, treatment and disposal would facilitate project 
approvals and permitting; Alternative S5a scored slightly lower than S5b because about half of the 
dredged sediment volume would be consolidated within the upland portion of the AOC. Both of these 
alternatives would likely have the least mitigation requirements, because only the loss of eelgrass 
beds would need to be addressed (i.e., no habitat conversion occurs elsewhere).  

Alternative S3 was given a moderately high score (8 out of 10) because no amendments in capping 
material are proposed; in addition, the area requiring mitigation would be less than one acre. 
Alternatives S2 and S4 would both use amendments in the upper intertidal cap placed over the 
smear zone; however, Alternative S2 would likely have higher mitigation requirements (and thus 
scored lower, 6 out of 10) than Alternative S4 (7 out of 10) because Alternative S4 preserves both 
bathymetry and eelgrass habitat.  

Alternative S1 uses amendments in the upper intertidal cap and the greatest (1.7 acres of habitat 
conversion and loss of eelgrass beds) potential mitigation requirements; however, it would be the 
easiest remedy to implement technically and thus scored similarly to Alternative 2 (6 out of 10).  

9.6.7.6. CONSIDERATION OF PUBLIC CONCERNS 
As with the evaluation of upland alternatives, this criterion was weighed primarily using best 
professional judgment and experience with similar projects. It is likely that stakeholders’ views and 
mandates will vary widely and some may conflict. We have assumed for the purpose of the FS that 
alternatives that are the most protective and the most permanent would largely address public 
concerns.  

Alternative S5b scored the highest (9 out of 10) with respect to consideration of public concerns 
because all contamination, to the extent practicable, would be removed from the marine 
environment. Subsequent treatment and disposal in a permitted landfill facility would provide the 
greatest certainty regarding reductions in risk to the Bellingham community and would offset the 
short-term risk of contaminated material transport.  

Alternative S5a was given a slightly lower score (8 out of 10) because the most highly contaminated 
sediment would be consolidated in the upland portion of the AOC (off-site disposal is still a 
component of S5a; approximately half of the material would go to a permitted landfill). Although 
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contamination would be immobilized and risk reduction would be highly certain, public concerns may 
remain regarding transport of material and the high cost of the project.  

The remaining alternatives that would utilize removal scored incrementally lower based on the 
volume that would be removed from the marine environment (i.e., Alternative S4 [7 out of 10] scored 
higher than S3 [6 out of 10], which scored higher than S2 [5 out of 10]). Alternative S1 had the 
lowest score (3 out of 10); this alternative would likely elicit the greatest public concern because all 
contamination would be confined in place and isolated/contained in the marine environment.  

9.6.8. Sediment Preferred Alternative 

The individual DCA criterion benefit scores (Section 9.6.7 and Table 9-14), weighting factors, 
weighted scores and total weighted benefit score for each of the sediment alternatives are 
summarized in Table 9-16. The total weighted benefit scores range from 3.4 (Alternative S1) to 8.3 
(Alternative S5b). The estimated cost of the alternatives ranged from $3,820,000 (Alternative S1) to 
$12,180,000 (Alternative S5b). The total weighted benefit scores and estimated costs for each of 
the upland alternatives are illustrated graphically in Figure 9-25.  

The relative benefit/cost ratio was calculated for each alternative as explained in Section 9.6.1.3. 
The quantified ratio of relative benefit/cost increases progressively from Alternative S1 (ratio of 4.5), 
to S2 (ratio of 5.1), to S3 (ratio of 6.2) (Figure 9-25). The relative benefit/cost ratios for the remaining 
Alternatives S4 (ratio of 4.5), S5a (ratio of 5.3) and S5b (ratio of 3.4) are lower than S3, driven by 
the more extensive excavation and off-site treatment/disposal costs for S4, S5a and S5b. 

The highest degree of benefit per unit cost is provided by Alternative S3. Sediment Alternatives S4, 
S5a and S5b would provide greater benefits than S3; however, the relative benefit to cost ratio for 
these alternatives is lower than that of S3 indicating that the associated incremental additional costs 
of S4, S5a and S5b are disproportionately high relative to the incremental added benefits. Therefore, 
alternatives S4, S5a and S5b are considered disproportionately costly and not practicable. The costs 
of sediment Alternatives S1 and S2 are both lower than the cost of Alternative S3; however, 
Alternative S3 has a higher total weighted benefit and higher relative benefit per unit cost compared 
to lower cost Alternatives S1 and S2 and therefore the additional incremental cost of Alternative S3 
relative to S1 and S2 is not considered disproportionate relative to the added benefits provided by 
Alternative S3. Therefore, based on the DCA, Alternative S3 as the most permanent, practicable 
alternative and is identified as the preferred sediment alternative for the Haley Site.  
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10.0 PREFERRED ALTERNATIVE 

Preferred alternatives were identified separately for the upland and marine units of the Site based 
on the outcomes of each corresponding DCA conducted in accordance with MTCA (Section 9.6). The 
upland and sediment preferred alternatives will be designed as an integrated cleanup action, and 
are discussed in this section as a combined “preferred alternative.” The final combined cleanup 
action for the Site will be selected in the CAP developed by Ecology.  

10.1 Description of the Preferred Alternative 

Alternative U3a “Nearshore In Situ Soil Solidification, Upland Cap” and Alternative S3 “Upper 
Intertidal Sediment Removal and Sand Cap” were identified as the alternatives that are permanent 
to the maximum extent practicable for the upland and marine units, respectively. The Site-wide, 
integrated preferred alternative is shown in Figures 10-1 through 10-3. The components of the 
combined preferred alternative are described below: 

■ The area of potentially mobile LNAPL and associated contaminated soil near the shoreline would 
be treated in situ using soil solidification methods. Treatability testing would be performed to 
determine the stabilizing reagent specifications for the soil solidification process. This FS 
assumes the solidification process would consist of a mixture of cement and organoclay. This 
element of the upland remedy would permanently immobilize and isolate potentially mobile 
LNAPL and soil contaminants in place, reducing contaminant leaching from soil and LNAPL to 
groundwater.  

■ Groundwater would flow below the solidified soil mass, through deeper soil where contaminant 
concentrations are lower or not present at detectable levels; this will enhance natural 
attenuation processes, resulting in reduced contaminant flux from the upland to marine units. 

■ A low-permeability, multi-layer cap over the entire upland area where soil exceeds cleanup levels 
would prevent direct contact and reduce stormwater infiltration. The cap layers would include 
(bottom to top) a separation layer, a gas-collection layer, a low-permeability geomembrane liner, 
a drainage layer, a separation geotextile and at least two feet of imported fill or topsoil that may 
be seeded or paved depending on Site redevelopment plans. The low-permeability cap would 
also provide passive subsurface vapor collection and venting to mitigate the accumulation of 
volatiles from LNAPL, soil, groundwater or landfill gases from refuse associated with the 
overlapping Cornwall Landfill site. Stormwater collection and treatment systems and upgradient 
drainage improvements also would be constructed to minimize infiltration of stormwater in 
recharge areas. In the event additional data are needed to refine the northern boundary of the 
low-permeability cap system and drainage controls, additional sampling would be conducted 
during the design phase.  

■ The shoreline bank would be recontoured as needed to integrate the upland and sediment 
remedies and provide structural continuity/transition between the Site units. Shoreline transition 
grading could be established to accommodate habitat restoration, shoreline access and 
water-dependent uses proposed as part of the future Cornwall Beach Park (Section 10.4). 

■ Existing Site features would be removed, as required, to construct the cleanup action including 
the existing sheet pile wall; the former Haley facility UST, surge tank and product piping; remnant 
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subsurface stormwater piping and outfalls; piling extending above the sediment surface; and 
large debris within the footprint of the active sediment remedy. 

■ LNAPL-impacted sediment in the upper intertidal zone would be excavated and removed from 
the marine unit; remaining contaminated sediment in this nearshore excavation area would be 
capped. The removed sediment would be managed on-site within the upland AOC to the 
maximum extent possible, after amending the sediment as needed to improve geotechnical 
suitability before the upland cap is constructed. 

■ The remaining area of SMS benthic toxicity exceedances, outside of the sediment excavation 
area, would be capped (no sediment removal). This capping area is located in the lower intertidal 
and shallow subtidal zones, which would not be expected to recover naturally. All sediment caps 
would be appropriately armored to withstand physical marine erosion processes, thereby 
reducing the risk of park visitors, net fishers, and benthic organisms directly contacting 
contaminated sediment. The caps also would be designed to provide for chemical isolation of 
underlying contaminants. 

■ Sediment in deeper subtidal areas with moderate contamination and more stable hydrodynamic 
conditions would utilize ENR (a thin sand layer) to achieve cleanup goals for bioaccumulative 
compounds. The ENR area would begin at the outer boundary of the capping area. The outer 
boundary of the ENR area would be established during remedial design, but for cost estimating 
purposes is conservatively assumed to extend to approximately -10 to -15 feet (NAVD88) 
(Sections 9.1.1.2 and 9.5.3) where dioxin/furan concentrations in sediment are greater than 
two times the cleanup level. ENR achieves risk reduction goals within a reasonable restoration 
timeframe. 

■ MNR would be utilized in subtidal areas seaward of the ENR area where low-level exceedances 
of bioaccumulative-based cleanup levels occur in sediment and are expected to naturally recover 
within a reasonable restoration timeframe.  

■ The footprint of the ENR and MNR areas will be refined after taking into account additional 
sediment analytical data that will likely be obtained to further evaluate concentrations of 
bioaccumulative compounds in the ENR/MNR areas. Finally, further evaluation of the 
anticipated effect of natural recovery in the ENR/MNR areas and interpretation of the Site data 
on a SWAC basis will be considered when determining the extent and location of the ENR and 
MNR areas. 

■ Institutional controls would be employed to prevent human activities that may damage the 
upland and sediment caps in the future and thus assure integrity of the remedy.  

■ Long-term monitoring and maintenance of the upland and sediment caps and natural recovery 
areas would be implemented. Periodic review of remedy performance and effectiveness would 
be established in conjunction with the monitoring program.  

The estimated cost for the preferred alternative is $15,720,000. The estimated duration for 
treatability testing, design, permitting and construction of the upland preferred alternative is 2 to 
3 years. Exposure pathways would be eliminated when construction of the remedy is completed and 
monitoring would confirm remedy effectiveness. The capped portions of the marine unit would 
achieve cleanup standards after construction is completed; construction is estimated to take two to 

Page 10-2 | February 1, 2016 | GeoEngineers, Inc. 
File No. 0356-114-06 



FINAL REMEDIAL INVESTIGATION/FEASIBILITY STUDY, VOLUME II: FS REPORT, R.G. HALEY SITE  Bellingham, Washington 

three years following receipt of permits. Sediment cleanup standards in the ENR and MNR areas are 
anticipated to be achieved within 10 years following placement of the ENR layer. 

10.2 Basis for Selection of the Preferred Alternative 

The preferred alternatives for the upland and marine units were selected by comparing the relative 
benefit to the cost of each alternative, as described in MTCA (WAC 173-340-360[3][e]). The relative 
benefit for each alternative is represented by the sum of the weighted scores for each of the DCA 
criteria, as described in Section 9.6. The relative benefit/cost ratio was calculated by dividing the 
total weighted benefit score by the total cost for each alternative (to facilitate graphical presentation 
of the relative benefit/cost, the total cost of each alternative was divided by $5,000,000). The 
resulting relative benefit/cost ratio was plotted in Figures 9-24 and 9-25. As described in MTCA, the 
DCA test was used to determine if the cost of an alternative was disproportionate to its benefit: 
“Costs are disproportionate to benefits if the incremental costs of the alternative over that of a lower 
cost alternative exceed the incremental degree of benefits achieved by the alternative over that of 
the lower cost alternative.” Using this method, Upland Alternative U3a and Sediment Alternative S3 
achieved the highest level of relative benefit/cost and are permanent to the maximum extent 
practicable. 

The preferred alternatives provide the optimum balance between cost, benefit and certainty 
associated with long-term performance. Alternatives for the upland unit and the marine unit that cost 
less than the corresponding preferred alternatives were identified; however, the less costly 
alternatives offer less relative benefit. Alternatives were identified that provide higher benefits 
compared to the preferred alternatives; however, the alternatives with higher benefits were 
determined to be disproportionately costly relative to the corresponding increased benefit. 

10.3 Compatibility with Other Cleanup Actions 

Significant portions of the Haley upland and marine units overlap with the Cornwall Landfill upland 
and marine units. In addition, portions of the Haley marine unit overlap with Whatcom Waterway 
sediment site Unit 9 and Whatcom Waterway site Unit 6C. The preferred alternative for the Haley 
Site can be entirely compatible with the Cornwall Landfill and Whatcom Waterway remedies in the 
areas of overlap. To be compatible; however, coordination will be required to assure protectiveness 
and maximize cost effectiveness. Coordination of design and construction phasing is discussed 
further below. 

The Haley Site upland cleanup action and the Cornwall Landfill site upland cleanup action utilize 
several common elements that would be compatible and for which design will be coordinated and 
optimized; these elements include low-permeability caps, gas collection layers with venting to the 
surface, stormwater drainage improvements and controls to reduce infiltration, shoreline erosion 
protection, and environmental covenants that prevent incompatible uses. The conceptual cap 
profiles for the Haley and Cornwall Landfill sites differ somewhat; either conceptual design would be 
suitable for use in the overlap area except that coordination would be required to achieve a 
compatible finish grade that would assure cap integrity and meet stormwater management 
requirements for both sites. This will require coordination during design, particularly to account for the 
integration of excavated sediment (from the Haley marine unit) into the upland AOC. 
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The selected remedy for the Haley marine unit involves the removal of nearshore sediment and 
capping without significantly affecting bathymetry in the nearshore area. The current Cornwall 
Landfill sediment remedy utilizes capping and armoring of the shoreline without sediment removal, 
resulting in nearshore filling. The nearshore Haley sediment removal and capping action provides a 
chemical containment function that would not be provided by the Cornwall Landfill sediment remedy 
in the overlap area. As a result, the nearshore Haley sediment remedy would need to take 
precedence over the Cornwall remedy in the overlap area (Figure 10-1). The remedy designs would 
also need to be coordinated to merge grades at the point where the two caps coincide, and to 
integrate other design elements of the caps (e.g., armoring). 

10.4 Integration of Preferred Alternative with Future Park Development 

The City has recently completed the master plan for Cornwall Beach Park (City of Bellingham 2014), 
a proposed new 17-acre waterfront park that is proposed to be constructed on the upland and 
intertidal sediment areas associated with the Cornwall Landfill site and the Haley Site, as well as the 
Cornwall Cove pocket beach (also known as the Pine Street beach) to the north of the Haley Site. 
The City’s conceptual park designs presented in the master plan were developed with input from the 
City, Port and cleanup consultants currently involved with the Cornwall Landfill site, as well as from 
the public. The design and implementation of the Haley Site cleanup and proposed park will be 
coordinated during future design, planning and permitting phases of both projects.  

The preferred alternative for the Haley Site is consistent with the preliminary design concepts 
presented to date for the Cornwall Beach Park. Aspects of the cleanup planning and design that will 
be coordinated with park planning include the following:  

■ Design of the low-permeability upland cap will need to account for fill thickness to be placed over 
the upland cap for park grading, including the “viewing hill” where grades are anticipated to be 
raised more than 20 feet above the existing ground surface in places. Design considerations will 
include potential settlement and ambient venting for the gas collection system of the cap system. 

■ Institutional controls will specify that the low-permeability upland cap on the Haley Site should 
not be penetrated or compromised and will dictate measures to prevent exposure to underlying 
contaminants in the event that park construction methods or activities result in short-term 
modifications of the low-permeability cap.  

■ Wells used for compliance monitoring (locations not determined at this time) to monitor 
effectiveness of the cleanup action will need to be preserved through park construction and 
protected from park uses. 

■ Surface elevations in the upland unit on the Haley Site will be modified as a result of the 
low-permeability cap and consolidation of excavated contaminated sediment beneath the cap 
within the upland AOC. Modified grades will be established through remedial design. 

■ If future enclosed and occupied structures are constructed in connection with the park, such as 
coffee shop/concession or restrooms, the structures may require an under-slab vapor barrier 
and passive vapor collection/venting, depending on the cap gas-collection system design and 
structure locations in the upland unit.  

■ Waterfront uses for the proposed park include beach play areas, hand-carried watercraft 
launching, shoreline landscaping and habitat for aquatic organisms. The proposed sediment cap 
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design will need to consider future shoreline access and use, as well as issues related to eelgrass 
beds in the lower intertidal/shallow subtidal area. 

■ Institutional controls and environmental covenants for the marine unit will be developed with 
future park uses and activities in mind.  

■ Sediment cap design, particularly cap armoring, will need to consider future use of the shoreline 
by park users and the need for the surface material to be stable but compatible with habitat 
substrate requirements. 

The transition from the upland remedy to the sediment remedy is expected to be designed in 
conjunction with final park design. The preferred cleanup action elements at the shoreline are not 
expected to prohibit future construction of park elements.  

10.5 Remaining Steps in Site Cleanup Process 

Additional steps are anticipated as part of the Haley Site cleanup. The RI/FS Report will undergo 
public review and comment. Ecology will respond to comments from the public and other 
stakeholders such as local, state and federal agencies and the RI/FS will be finalized. Ecology will 
then describe the proposed cleanup in the draft CAP, which will also be subject to public and agency 
review and comment along with the draft Consent Decree (CD) that will specify the remedy to be 
implemented at the Site and any other associated requirements.  

Design of the remedy will begin after public comments are received on the draft CAP/CD and any 
necessary revisions are made to it. One component of the pre-design phase will be a treatability 
study to determine in situ solidification treatment parameters. Supplemental sampling to support 
remedy design will be conducted if the need for more information is identified. 

Preliminary design of the full cleanup action will be documented in an Engineering Design Report 
(EDR), which is also subject to Ecology review. The Ecology-approved EDR will be used as the basis 
for environmental permit applications required for upland and in-water components of the project. 
Additional requirements for the project may be identified as part of the permit process, resulting in 
changes to the design or implementation (e.g., timing, sequencing, etc.). Following completion and 
approval of a final design, construction bid documents for selection of remediation contractors and 
suppliers will be prepared and the remedy will be constructed, with Ecology oversight. Following 
construction, an initial post-remedy monitoring event will be conducted to determine if the CAOs were 
achieved and to provide a baseline condition for evaluation of subsequent performance of the 
remedy. 
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Figure 10-2
Section

Preferred Cleanup Action Alternative
 Cross Section A-A'

Legend

Approximate Extent of Petroleum Smear Zone

Low-Permeability Upland Cap

In Situ Soil Solidification

Base of Excavation

Conventional Sand Cap (Ranges from 2-Feet to 5-Feet Thick)

Cap Armoring

Enhanced Natural Recovery

1. Directions given on cross section line refer to Project North.

2. The subsurface conditions shown are based on interpolation between widely
spaced explorations and should be considered approximate; actual
subsurface conditions may vary from those shown.

3. Details regarding the shoreline slope in the bank transition area, and
post-cleanup upland grades and bathymetry will be determined during
remedial design.

4. This figure is for informational purposes only.  It is intended to assist in the
identification of features discussed in a related document.
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Base of Excavation
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1. Directions given on cross section line refer to Project North.

2. The subsurface conditions shown are based on interpolation between widely
spaced explorations and should be considered approximate; actual
subsurface conditions may vary from those shown.

3. Details regarding the shoreline slope in the bank transition area, and
post-cleanup upland grades and bathymetry will be determined during
remedial design.

4. This figure is for informational purposes only.  It is intended to assist in the
identification of features discussed in a related document.

Notes
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